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Extract  of  Report  on  the  Methods  Used  to  Avoid  Piping  in  Steel 
Ingots,  as  Applied  in  the  Hungarian  Government 
Steel  Foundries  at  Diosgyor. 
By  Engineer  Albert  Ohholzkr. 

(read    liV    TITLK.) 


The  modern  dovelopnicni  of  the  machinery  of  rollino-  niills 
has  brought  about  with  it  lii^iier  retjuirements  in  rei^ard  to  the 
quahty  of  the  raw  material. 

Various  means  have  been  employed  to  remo\e  the  so-called 
"piping"  in  ingots,  by  various  shapes  of  ingot  molds  or  h)^ 
placing  the  ingot  under  pressure  before  the  steel  has  set.  The 
most  successfid  of  these  methods  lias  been  that  invented  ])v  Mr.. 
Harmet.  Director  of  the  steel  works  in  San  ICtienne.  which,, 
however.  re(|uires  rather  elaborate  machinerv. 

A  method  proceeding  on  entirely  different  lines  is  thq  Anti- 
Piping  Thermit  method,  which  has  shown,  in  our  practice,  con^ 
sidcrable  advantages  over  the  Harmet  process. 
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A  number  of  experiments  were  made  at  the  Diosgyor  works, 
in  the  castini^  of  Martin  Steel  ingots.  For  the  purpose  of 
comparison,  two  blocks  were  i)oure(l  out  of  the  same  charge — 
one  with,  and  the  other  without  an  addition  of  Anti-Piping 
Therinit.  These  ingots  were  then  cut  longitudinally  with  a 
saw.  up  to  a  one-third  of  their  axis,  and  the  middle  of  the  ingot 
was  then  cracked  bv  means  of  wedges. 


t  ig    I. 

The  blocks  marked  "T"  on  the  accompanying  cut.  are  those 
cast  v.ith  the  addition  of  Anti-Piping  Thermit. 

For  the  purpose  of  these  tests,  the  usual  practice  of  making 
a  second  pour  a  little  after  the  tirst.  was  not  followed,  either  in 
the  ingots  with  or  without  Anti-Piping  Thermit.  Figures  i 
and  2  show  the  ingots  poured  in  this  manner,  cut  on  both  sides 
and  broken  in  the  middle. 

Cut  Xo.  I  shows  ingots  cast  in  the  so-called  "Goliath"  block 
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molds.  .witlKiUt  fcedint;-  heads,  and  those  in  cut  2.  cast  in  oc- 
tan,g;-ular  molds,  with  fee(h'ns^  head.  The  fee(Hng  head  consist- 
ed of  refractory  brick  walls,  which  were  heated  to  a  red  heat. 

It  will  be  observed  that  the  piping-  in  the  ingots  treated  with 
Anti-Piping  Thermit  is  not  so  extensive  and  does  not  reach 
down  so  far  as  in  those  without  Thermit.  The  exact  measure- 
ments are  as  follows: 

I'KHKK     I.     WITIKMT     THERMIT. 

Pil)i!it;  visible  to  llu-  naked  eye 808  111.111.  in  length. 

with   the   microscope .34 

'lOtal    842  iii.ni. 

INCOT    TRK.\TI-;i)    WITH    THERMIT. 

Marked   "T.   T." 

Pipiiiv:   xisihle  to  tile  naked  eye /f'O  ni.m. 

w:lh    ihe   inioroscope -'o 

'I'otal    780     111. in. 

IMl'I.VC.    IN     IXC.OTS.    FIGCRE    2. 
I'DCKED     INTO     ()(   r.\N(,LI..\R     MOLDS     WITH     EEEDINC,     IIE.\I>. 

iNi;oT.s  wrniniT  thermit. 

Piping  vi.sil)lc  to  tiie  naked  eye 1060  m.ni. 

"  "        with     tile     microscope lO 

Total    1070  mill. 

iNGoT.s  c.\.<t  with  thermit,    s.\me    ( onditio.n.-;. 

Piping  visil)le  to  the  naked  eye 9,P  m.m.  ,  « 

with   the   niicro.scope 73 

Total 1005  m.m. 

Figures  3  and  4  represent  ingots  cast  according  to  regular 
practice,  with  feeding  head,  which,  after  the  ]K)ur.  are  kept  hot 
by  being  coxered  w  ilh  charcoal  or  other  material. 

In  casting  ingot  shown  inl*'ig.3,  5I  ll)s.  ofThermit  were  aj^plied 
and  the  piping  in  the  upper  part  of  the  ingot  is  practically  nil. 
The  ingot  shows  a  homogenous  grain  in  its  entire  fractiu'c. 

Figiu'e  4  re])resents  octangtilar  blocks  cast  without  Anti- 
Piping  Thermit,  with  feeding  head  as  described  above. 

The  fracture  of  the  heavier  ingot — four  tons — is  without 
flaw,  except  the  piping  in  the  up])er  part  of  the  head.  (See  ex- 
planation below.)  This  piping  extends  from  the  ui)per  part  of 
the  ingot  300  m.iu. ;  from  the  lowest  poiiU  of  contraction.  140 
m.m. 
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The  fracture  of  the  ingot  weighing  two  tons  is  perfect  in 
every  respect. 

The  advantage  of  pouring  such  ingots  witli  feechng  heads  is 
therefore  x^erv  api)arent.     The  modus  operandi  is  as  follows: 

In  order  to  kee])  the  steel  liquid  in  the  feeding  head,  the  lat- 
ter is  surrounded  l)y  brick  walls  and  well  banked  up  with  sand, 
and  is  heated,  so  as  to  pre\'ent  the  ingot  from  radiating  its 
heat.      Anti-Pi])ing,  during  its  reaction.  develo]:)S  an  enormous 


tem])erature.  and  in  so  doing,  renders  the  contents  of  the  feed- 
ing head,  which  was  at  the  point  of  chilling,  fluid  again.  It 
will  then  All  up  the  hollow  spaces  that  have  formed  in  the  in- 
terior of  the  steel  and  the  pouring  of  fresh  fluid  steel  into  the 
mold  can  continue  until  the  piping  is  entirely  removed. 

The  Anti-Piping  Can  is  attached  to  an  iron  bar  with  a  cross 
bar,  to  simplify  the  handling,  and  is  then  pushed  into  the  mold. 
The  can  must  l)e  so  fastened  by  either  wire  or  wedge  that  it 
cannot  slip  up  on  the  rod. 

When  the  steel  has  been  poured  into  the  mold,  the  can  is 
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pushed  into  the  interior  to  a  depth  of  about  three  inches  or 
more,  according  to  the  size  and  weight  of  the  ingot.  The  reac- 
tion of  the  Thermit  starts  at  once  and  is  over  in  from  five  to 
ten  seconds.  A  violent  ebuHtion  of  the  steel  takes  place,  and 
the  slag  separated  by  the  Anti-Piping  Thermit  rises  to  the  sur- 
face. This  slag  nnT^t  be  removed  with  an  iron  bar  and  more 
fluid  steel  must  be  then  added  out  of  the  ladle. 


Fig.   4. 

The  Anti-Piping  Thermit  is  supplied  in  various  sized  cans, 
accordirg  to  the  weight  of  the  ingot. 

Diosgyor  Works  used  the  Anti-Piping  Thermit  for  such 
blocks  from  which  complete  pieces  are  rolled  or  forged,  and 
have  then  ingots  quite  free  from  piping,  or,  in  case  of  wrought 
u  on  blocks,  only  a  small  part  has  to  be  cut  off. 

The  saving  in  material  completely  overbalances  the  cost  of 
the  application  of  the  Anti-Piping  Thermit  and  the  actual  cost 
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prices  are  not  increased.  Even  shoulfl  some  of  the  Ijlocks 
cast  witli  feetlinj^  head  Init  without  Anti-Piping'  Thermit  be  not 
very  much  inferior  to  those  cast  with  the  Thermit,  neverthe- 
less the  appHcation  of  Thermit  is  considered  a  safer  way  than 
the  other  methods  and  the  Diosgyor  Works  are  convinced  that 
the  use  of  the  Thermit  is  most  advantageous.  The  clearest 
proof  is  the  fact  illustrated  in  Figures  i  and  2.  where  ingots 
poured  with  Thermit  are  of  su])erior  quality,  even  though  no 
additional  steel  was  poured  in  afterwards;  in  other  words,  the 
ingot  showed  a  smaller  extent  of  piping  than  those  cast  with- 
out Thermit. 


Fif,'.  0. 


in  the  construction  of  the  ingot  mold,  and  particularly  the 
feeding  head,  the  essential  point  to  be  aimed  at  is  to  protect 
the  li(|uid  steel  against  loss  of  temperature.  It  should  be  kept 
li(|ui(l  until  the  ]'iping  can  be  comploloK'  filled  up  from  the 
feeding  head. 

A  comparati\cly  large  mold  nuisi  l)e  pr<»\i(led  for  the  feed- 
ing head,  allowing  for  a  sutiicienc\'  of  material  to  fill  up  the 
piping.  ( )n  the  other  hand,  an  unnecessarily  large  feeding 
head  will  simply  mean  waste  steel  and  an  utmecessary  increase 
in  the  cost  of  manufacture,  and  is  therefore  to  be  avoided. 

IMie  mold  represented  in  I-'igure  (),  which  was  tised  for  j)our- 
ing  the  ingots  shown  in   I'igure  4.  answers  these  conditions. 
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For  ascertaining  tlie  height  of  the  feeding  head,  tlie  following- 
empiric  formula  has  been  found  practicable: 

H 

h  = 

2.4 

"h"  is  the  head  and  "H"  means  the  height  of  that  part  of  the 
ingot  free  from  piping  which  can  be  used. 

The  round  opening  at  the  top  part  of  the  mold,  rammed  with 
sand,  should  have  a  diameter  of  eight  to  twelve  inches,  accord- 
ing to  the  size  of  the  ingot.  A  larger  opening  is  inadvisable, 
as  a  considerable  amount  of  heat  would  be  lost  by  radiation. 
Even  with  the  most  careful  handling  of  the  head,  the  piping 
would  form  in  the  upper  part  of  the  block  and  could  not  then 
be  tilled  by  the  material  in  the  feeding  head,  on  account  of  the 
'atter  having  chilled.  This  danger  is  ax'oided  bv  the  narrow 
"/pening. 

The  four-ton  block  (Fig.  4)  is  a  case  in  point. 

The  considerable  amount  of  piping  found  in  the  square 
ingots  of  Figure  i,  is  due  to  the  upper  part  of  the  ingot  having 
been  left  open  in  its  entire  section  and  offering  a  large 
surface  for  radiation ;  besides  this,  the  mistake  had  been  made 
not  to  surround  the  mold  with  a  bad  conductor  of  heat.  The 
liquid  steel  meeting-  with  a  good  conductor  of  heat,  such  as  the 
cold  walls  of  the  ing-ot  mold,  gives  off  its  temperature  to  the 
latter  too  rapidly.  It  congeals  and  forms  a  coating  in  the 
mold,  to  which  the  liquid  material  in  the  interior  gradually 
adds  as  congelation  proceeds.  The  piping  does  not  appear  at 
the  bottom,  on  account  of  the  weight  of  the  partly  fluid  mate- 
rial in  the  uj^per  half,  which  latter  cannot  be  filled  owing  to  the 
absence  of  the  feeding  head.  It  is  a  matter  of  general  observ- 
ation that  where  the  steel  congeals  slowlv.  some  of  the  com- 
ponents, as  "C,"  "Si,"  "^In,''  "P,"  "S"  and  "Sb,"  segregate 
foward  the  longitudinal  axis  of  the  ingot  and  toward  its  upper 
part.  In  the  direction  of  the  longitudinal  axis  in  the  interior 
there  is  always  a  greater  proportion  of  impurities  than  in  the 
outer  parts.  The  segregation  is  more  marked  the  greater  the 
time  consumed  in  cooling.  In  using  the  Thermit  reaction,  this 
cooling  is  delayed  and  the  material  is  kept  liquid  for  a  longer 
space  of  time.  Therefore,  the  segregation  must  be  greater  in 
ingots  treated  with  Anti-Piping  Thermit  than  in  those  without. 
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ANALYSIS  OF  THE  BORINGS  TAKEN  FROM  THE  BLOCKS. 


DESIGNATION    OF   THE   BORINGS. 


RESULTS   OF   THE    ANALYSIS   IN    %. 


'Near  the  Longitudinal  Axis. 


Near  the  Outside. 


I. 

C 0.231 

Si 0.191 

Mn 1. 108 

Cu 0.127 

P 0.031 

S  0.055 

6. 

C 0.231 

Si 0.191 

Mn 1.089 

Cu 0.127 

P 0.026 

S 0.045 

II. 

C 0.250 

Si 0.154 

Mn 1.098 

Cu 0.127 

P 0.030 

S 0.080 

16. 

C 0.250 

Si 0.154 

Mn 1 .200 

Cu o.iii 

P 0.028 

S o.ioo 

26. 

C 0.409 

Si 0.187 

Mn 1. 171 

Cu 0.104 

P 0.029 

S 0.050 

31- 

C 0.329 

Si 0.144 

Aln 0.983 

Cu 0.079 

P 0.020 

S 0.030 

21. 

C 0.525 

Si 0.196 

Mn 1.089 

Cu 0.096 

P 0.033 

S 0.020 


2. 
0.172 
0.172 
1.089 
o.  127 
o.oio 
0.070 

7- 
0.163 
o.  172 
1.038 
o.  127 
0.026 
0.060 

12. 
0.192 
0.163 
1.079 

o.  119 

0.024 
0.050 

17- 
o.  182 
0.168 
1.070 
o.  104 
0.024 
0.080 

27. 

0.290 

0.159 
1. 118 

0.096 
0.019 

0.035 
32. 

0.241 
o.  140 

0.887 

0.072 
0.019 
0.025 

22. 
0.481 
O.I9I 
I  073 
0.096 
0.018 
0.015 


3- 
0.173 
0.168 
1.079 

O.III 
O.OII 

0.080 


0.172 
0.I9I 

1.038 

0.II9 
0.013 
0.065 

13- 
0.192 
0.186 
1. 108 
0.119 
0.019 
0.050 

18. 
o.  162 

0.186 

1.026 
o.  119 
0.023 

0.050 
28. 

o.2';i 
0.181 
1.036 
0.096 
0.016 
0.040 

33- 
0.192 
o.  140 
0.858 
0.072 
0.014 
0.030 

23- 

0.524 

0.214 

1.050 
0.096 
0.031 

0.035 


4- 

0.174 
0.168 
1 .060 
0.119 
0.024 
0.050 

9- 
0.182 
0.196 
1.060 
0.127 
0.024 
0.040 

14 

0.192 
0.158 

1.050 
0.119 
0.009 
0.055 

19. 

0.202 
0.182 
1.073 
0.088 
0.005 
0.030 

29. 

0.231 

0.163 

1 .026 

0.079 

0.016 

0.030 

34- 

0.192 
0.150 
0.887 
0.072 
0.014 
0.020 

24. 

0.484 
0.205 
I  054 
0.085 
0.027 
o.ois 


5- 
0.172 
0.168 
1.060 

O.III 

0.006 
0.040 

10. 
0.154 
0.191 
1.026 
0.127 
0.008 
0.065 

15 
0.201 

0.154 
1. 108 
0.119 
0.008 
0.065 

20. 
0.174 
0.186 
1.050 
0.096 
0.005 
0.025 

30. 
0.251 
0.177 
1.060 
0.079 
0.018 
0.030 

35- 
0.211 
0.140 
0.922 
0.072 
0.015 
0.030 

25- 
0.484 
0.210 
1.025 
0.079 
0.027 
0.020 


la. 
0.164 
0.186 
1. 108 

O.  Ill 

0.022 
0.070 

6b. 

0.172 

0.186 

1.089 

0.093 

0.019 

0.060 

lie. 

o.  192 

0.186 

1. 169 

0.093 

0.028 

0.070 

i6d. 
0.212 
0.168 
1. 127 

O.III 

0.027 
0.060 

26f. 

0.283 
0.150 

I -159 
0.096 
0.019 
0.025 

3ig- 

0.344 

0.177 

0.956 

0.072 

0.015 

0.015 

21C. 

0.438 

0.196 

1.089 

0.079 

0.023 

0.020 


2a. 
0.194 
0.186 
1. 108 

0.  Ill 

0.024 
0.050 

7b. 
0.184 
0.186 

1 .  127 
0.096 
0.025 
0.050 

120. 
0.172 
0.177 
I.  108 
0.096 
0.022 
0.060 

i7d. 
0.190 

0.158 

1.089 
0.104 
0.023 
0.080 

27f. 

0.223 
0.I9I 
1 .169 
0.096 
0.023 
0.030 

32g. 

0.234 
0.150 
0.956 

0.067 
0.006 
0.015 

22c. 
0.492 
0.205 
1.089 
0.079 
0.025 
0.015 


3a. 

0.204 

0.186 
1. 123 
0.096 
0.024 

0.055 

8b. 
0.184 
0.196 
1. 108 
0.096 
0.019 
0.050 

13c. 
0.175 
0.177 
I  159 
0.104 
0.023 
0.055 

i8d. 
0.173 
0.168 
1. 108 
0.104 
0.025 
0.060 

28f. 

0.242 
0.177 
1. 169 
0.079 
0.018 
0.040 

33g. 
0.223 
0.177 
0.925 
0.072 
0.019 
0.020 

23c. 
0.492 
0.186 
1.089 
0.088 
0.030 
0.020 


4a. 

0.194 
0.186 
1. 127 

O.III 

0.026 
0.055 

9b. 

0.183 

0.168 

1. 127 

0.098 

0.024 

0.050 

14c. 

0.175 
0.168 
1. 127 

O.III 

0.021 
0.050 

igd. 
0.172 

0.154 
1. 108 
0.096 
0.020 
0.075 

29f. 

0.223 

0.177 

I -159 
0.079 
0.020 
0.040 

34g- 

0.184 

0.168 

0.915 
0.072 
0.006 
0.015 

24c. 
0.472 
0.196 
1.089 
0.080 
0.025 
0.015 


5a. 
0.201 
0.186 
1. 108 

O.  Ill 

0.025 
0.040 

lob. 

0.192 

0.168 

1. 108 

0.096 

0.023 

0.050 

15c. 

0.172 

0.168 

1. 108 

0.119 

0.019 

0.060 

2od. 

0.172 

0.196 

1.089 

0.085 

0.024 

0.070 

3of. 
0.223 
0.177 
1. 127 
0.072 
0.014 
0.015 

35g- 

0.194 

0.168 

0.915 
0.072 
0.014 
O.OIS 

25c. 
0.458 
0.196 
1.089 
0.085 
0.027 
O.OIS 


BLOCKS 
CAST. 

Without 
Thermit 

Fig.   I 


With 
Thermit 

Fig.  I 


Without 
Thermit 

Fig.  2 


With 
Thermit 

Fig.  2 


With 
Thermit 

Fig.  3 


Without 
Thermit 

Fig.  4 


With 
Thermit 

Fig.  4 


July,  1907  ]  Avoiding  Piping  in  Steel  Ingots.  11 

In  order  to  obtain  confirmation  of  this,  holes  were  drilled  into- 
the  fracture  of  the  ingots,  in  the  direction  of  the  long-itudinal 
axis,  as  well  as  in  the  outer  parts,  taking  the  borings  for  the 
purpose  of  analysis.  The  accompanying  table  will  show  the  re- 
sults obtained.  The  thousandths  parts  have  been  left  out. 
Following  are  the  observations  made  in  connection  with  these 
analyses : 

First — On  using  a  mold  without  feeding  head,  the  steel  con- 
geals comparatively  quickly  and  the  effect  produced  by  Anti- 
Piping  Thermit  cannot  be  so  great  as  in  those  cast  with  a  feed- 
ing head.  There  is,  therefore,  no  great  difference  in  the  seg- 
regation. 

Second — In  ingots  provided  with  feeding  heads,  in  which 
the  steel  in  the  interior  of  the  upper  half  of  the  ingot  remains 
li(|uid  for  a  comparatively  longer  space  of  time,  the  segregation 
of  various  elements  and  their  situation  in  the  respective  parts 
of  the  ingot,  due  to  specific  weight,  is  more  distinct.  Nat- 
urally, in  ingots  cast  with  Thermit,-  the  segregation  reaches  a 
greater  extent. 

In  Figure  8  (analysis  1 1-20),  cast  with  Thermit,  a  considera- 
ble increase  in  the  contents  of  "C,"  "Mn."  and  '*S"  is  observed 
in  the  upper  part. 

In  the  analysis  obtained  from  I-'igures  (7  and  10  (analysis 
_'i-,^i),  the  rapid  increase  of  "C"  is  striking.  This  may  be  ex- 
plained by  the  fact  that  the  ingots  were  cast  without  Thermit 
and  the  head  covered  with  charcoal,  from  which  the  licpiid  steel 
absorbed  a  cpiantity  of  carbon,  which  in  its  turn  was  carried 
into  the  interior  of  tlie  ingot  by  the  material  running  from  tlie 
feeding  head  into  the  ])iping. 


:i2  Notes  and  Comments.  [J-  !'•  i-. 

rPIE  FRANK  THOMSOxN  RAILROAD  SCHOLARSHIPS. 
At  a  meeting  of  the  Board  of  Directors  of  the  Fcnnsyivania  Railroad 
'Company.  March  2y,  the  ofYer  of  Anne  Thomson.  Frank  Graham  Thomson 
and  Clark  Thomson  of  a  fund  of  $120,000  to  establish  what  are  to  be  known 
as  the  "Frank  Thomson  scholarships"  was  accepted  and  approved.  The 
purpose  is  to  afford  to  "sons  of  living  or  deceased  employees  of  all  the  lines 
of  the  railroad  an  opportunity  for  a  technical  education,  so  as  to  better  en- 
able them  to  qualify  themselves  for  employment  by  the  company."  Com- 
petitive examinations  are  to  be  held,  open  only  to  sons  of  Pennsylvania  em- 
ployees, "corresponding  in  general  to  the  entrance  requirements  of  the 
scientific  departments  of  the  higher  class  universities,  colleges  and  technical 
schools."  A.fter  passing  the  examinations  held  by  the  company  the  winner 
■of  a  scholarship  must  c[ualify  for  admission  to  one  of  the  technical  schools 
or  departments  approved  by  the  company  before  he  receives  his  certificate 
•entitling  him  to  draw  upon  the  scholarship  fund.  Beginning  this  year  two 
.■scholarships,  each  of  which  amounts  to  $600  a  year,  are  to  be  filled,  and 
■every  year  two  will  be  added.  After  four  years  two  will  be  graduated  an- 
nually, keeping  a  total  of  eight  men  in  college  all  the  time. 


HOW  SCIEXCE  IS  HANDICAPPED. 

A  p.-iragraph  of  undoubted  economic  interest  is  the  following,  which  was 
written  by  Mr.  S.  F.  Emmons  in  summarizing  for  the  forthcoming  ""Eco- 
noniic  Bulletin."  the  work  of  the  United  States  Geological  Survey,  during 
IQ06.  in  the  investigation  of  metalliferous  ores: 

"The  increasing  exodus  of  members  of  the  economic  force  of  the  Survey 
in  consef|uence  of  their  employment  by  large  mining  organizations  at  sala- 
ries much  greater  than  those  they  have  been  receiving  from  the  Govern- 
ment, seriously  impairs  the  efficiency  of  the  work  of  this  branch  of  the  Sur- 
vey. It  is  only  by  years  of  practical  experience  in  the  field  that  the  geo- 
logist, however  excellent  his  preliniinary  training,  becomes  competent  to 
carry  on  independent  work  in  investigating  a  mining  district,  and  the  loss 
of  trained  men  in  this  work  is.  for  a  time,  irreparable." 


Rifli.m;  steel  pipe  for  reducing  friction  in  oil  lines  was  described  in  a 
paper  read  before  the  Engineers'  Society  of  Western  Pennsylvania  by  F.  N. 
Speller  of  the  National  Tube  Company,  who  referred  to  the  fact  that  in 
the  California  field  a  quantity  of  steel  pipe  has  been  rifled,  the  object  being 
to  cause  the  viscous  oil  intermixed  with  a  small  percentage  of  water  to 
whirl  as  it  moves  rapidly  through  the  pipe.  Thus,  when  a  sufficient  velocity 
is  attained,  a  layer  of  water  flows  between  the  oil  and  the  pipe,  reducing  the 
friction  in  the  line.  It  has  been  found  quite  practicable  to  roll  spiral  cor- 
rugations S -i  in.  deep  in  the  surface  of  -the  pipe  by  means  of  six  wheels 
set  equidistant  around  the  circumference  and  slightly  inclined  to  the  axis 
of  the  pipe,  so  as  to  make  a  complete  revolution  on  the  surface  of  the  pipe 
every  ten  feet.  The  material  seems  to  stand  this  treatment  cold  without 
<lifficultv. — Metal  Worker.  Phiinber  and  Steam  Fitter. 
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(Stated  Mcetiiii^  held  Thursday,  Janitary  26th,  igo6.) 


The  Schuyler  Mine. 

Bv  J.   H.  Gkam'.kkv, 

Associate  Mcnil)cr  Am.  So.  C.   K.  ,   Mcmhc-r  of  tlic  Ins^titute. 


\'ast  sums  are  iiucsted  in  the  mining'  and  reduction  of  c(:'i)per 
ore  in  the  L'nited  States,  but  only  recently  has  this  industry 
been  l)roui^ht  to  its  present  sta^^e  of  development;  it  seems, 
therefore,  that  a  more  than  ])assin<^  interest  may  attach  to  the 
earl)-  history  of  what  was  at  one  time  not  only  the  onl}-  cop])er 
mine,  hut.  indeed,  the  hrst  mine  of  anv  kind  o]:)erated  by 
liuropeans  within  the  limits  of  the  ori_^-inal  thirteen  States. 
Much  of  the  mechanical  dexelopment  of  the  present  day  is  to 
be  traced  directly  U)  the  far-sii^'hted  men  who  brou^'ht  to,  and 
installed  in.  this  coimtrv  the  first  steam-driven  machinery  ;  the 
first  mine  and  the  hrst  steam  engine  are  indissolubly  associated 
with  the  eng'ineeriui^".  as  the}'  were  formerl\-  with  the  political, 
dexelopment  of  oiu^  country. 

The  Schuxler  Aline  (which  this  account  considers)  is  located 
upon  j)ropert\',  secured  by  Captain  \\  illian.i  Sanford  of  the 
Ibitish  .\rmy.  under  the  terms  of  an  agreement  made  with 
W  illiani  King'sland.  The  present  town  of  King'sland.  Xew 
Jersey,  was  named  from  the  old  i)roprietors.  and  situateil 
upon  a  part  of  the  estate.  Kingsland  is  said  to  have  been  a 
kinsman  of  (  )]i\cr  C'romwell.  The  patent  oi  Ca])tain  Sanford 
was  issued  jul\-  4.  U)()S.  "in  lieu  of  the  payment  of  twenty 
pounds  Sterling-  per  annum.  foreNcr."  as  well  as  on  the  pay- 
ment to  natives  of  several  hundred  strings  of  wampum,  knives, 
brandy,  etc.  ;  this  patent  conveyed  approximately  10.000  acres 
of  meadowland  and  20.cxx)  acres  of  upland,  lying  between  the 
llackensack  and  Passaic  rivers,  and  from  their  intersection  to  a 
point  seven  miles  above;  it  was  known  in  those  days  as  the 
"New  Iw'irbadoes."      Shortlv  after  its  actiuirement  b\-  Sanford, 
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he  transferred  to  Kingsland  the  upper  portion  of  this  tract. 
In  the  year  1710,  Arent  Schuyler  purchased  from  Kingsland  a 
large  tract  of  land  comprising  the  lower  portion  of  Kingsland's 
property;  upon  this  tract  the  mine  was  located  and  the  Schuy- 
ler's home  was  erected  (but  afterwards  destroyed  by  fire) ;  and 
along  the  eastern  bank  of  the  Passaic,  opposite  the  present 
town  of  Belleville,  stands  to-day  another  old  frame  mansion, 
pointed  out  as  the  home  of  the  Schuylers',  more  than  a  cen- 
tur}-  ago. 

Arent  Schuyler  was  born  at  Albany,  N.  Y.,  in  1662.  and  was 
the  sixth  son  of  Philip  Pieterse  (Van  ?)  Schuyler  (who  came 
from  Holland  a  few  years  before  and  was  one  of  the  two  found- 
ers of  the  family  in  America.) 

In  the  eastern  portion  of  the  upland,  at  what  is  even  now 
known  as  Schuyler's  Corner,  stood  the  house  of  Arent  Schuy- 
ler; on  the  meadow  land  below  the  hillside,  between  it  and  the 
•dense  cedar  swamp,  lay  the  fertile  soil  that  he  cultivated  as  a 
part  of  his  plantation.  Here,  in  17 14  or  171 5,  a  discovery  was 
made  by  a  negro  slave  who,  while  ploughing,  turned  up  a  large 
stone,  the  weight  of  which  so  excited  his  curiosity  that  he  car- 
ried it  to  his  master.  Upon  Schuyler's  learning  that  it  came 
irom  a  bed  of  rock  of  the  same  character,  he  sent  it  to  England 
for  analysis;  he  learned  that  it  contained  nearly  eighty  per  cent, 
of  copper. 

The  old  tradition  runs  to  the  effect  that  Schuyler,  wishing  to 
reward  the  virtual  discoverer  of  the  mine,  gave  him  his  free- 
dom, and  told  him  to  make  three  wishes,  which  would  be 
granted  in  addition.  The  first  wish  was  to  live  wdth  his  mas- 
ter as  long  as  he  lived,-  and  to  have  a  dressing  gown  'Svith  big 
brass  buttons,  just  like  massa's."  The  second  wish  was  for  all 
the  tobacco  he  could  use ;  the  negro  was  at  a  loss  to  name  the 
third.  He  was  urged  to  ask  for  something  valuable ;  after 
studving  for  some  time  and  scratching  his  head,  he  said,  "1 
guess,  niassa,  I'll  hab  a  little  more  'baccy." 

The  scanty  literature  of  those  days  makes  mention  of  the 
mine :  it  was  evidently  of  considerable  importance,  for  Brig. 
Gen.  Robert  Hunter  (Governor  of  the  Colonies  of  New  York 
and  New  Jersey),  writing  from  New  York,  November  12,  1715, 
to  the  Lords  of  Trade,  states  regarding  it :  ''There  being  a 
Copper  Mine  here  brought  to  perfection,  as  you  may  find  by 
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the  Custom  J  louse  books  at  Bristol,  where  there  was  imported 
from  this  place  about  a  Tonn  in  the  month  of  July  or  August 
last,  of  which  copper  farthings  may  be  coined."  etc.^ 

Also,  the  records  tell  us  that  "in  April  1721,  there  were  1 10 
casks  of  ore  from  this  mine  shipped  from  Xew  ^'ork  to  Hol- 
land, and  the  Surveyor  of  the  Port  of  X.  Y..  wrote  that  'Copper 
Oare  now  rises  very  rich  and  in  great  plenty  in  a  new-discov- 
ered mine  of  one  Mr.  Schuyler  in  Xew  Jersey.'  "-  The  ship- 
ment of  the  ore  to  Holland  excited  the  a])])rehensions  of  the 
Lords  of  Trade,  who  suggested  that  it  should  be  prevented  by 
act  of  Parliament.  At  the  request  of  the  Duke  of  Xewcastle. 
one  of  the  Lord  Justices  of  the  Treasury,  Governor  Mont- 
gomerie  conferred  with  Col.  Schuyler,  in  relation  to  the  mat- 
ter, but  could  only  secure  from  him  the  promise  that  the  Eng- 
lisli  Copper  Co.  should  have  the  first  sight  of  his  ore  when  his 
ships  arrived  in  England  with  it.'^  This  was  in  1730.  Curiously 
enough,  the  X'ew  Jersey  Legislature  came  to  the  relief  of  the 
English  manufacturers,  in  1734,  by  imposing  a  duty  of  40  shil- 
lings per  ton  on  all  copper  exported  from  the  province  not  di- 
rectly to  (ireat  Britain:  and  still  more  strangely,  the  first  com- 
plaint against  this  measure  came  from  Bristol,  England,  where 
were  extensive  brass  and  cop])er  factories.  It  was  found  in 
practice  that  the  law  was  evaded  by  shipping  the  ore  to  X'^ew 
York  and  thence  to  England  or  other  countries ;  but  the  Bristol 
traders  feared  the  act  would  discourage  mining  operations  in 
the  province.^ 

I-'or  many  years  the  mine  yielded  large  quantities  of  rich  ore, 
until  it  was  worked  as  deep  as  hand  and  horse  power  could 
clear  it  of  water;  of  this  period  we  learn  much  from  the  follow- 
ing extract  from  a  book  of  that  time : 

"Schuyler's  Copper  Ore  is  from  a  Mine  in  Jersies.  but  ex- 
ported from  Xew  )'ork\  therefore  it  is  mentioned  in  tliis  Sec- 
tion. In  the  beginning  of  this  Discoverv  it  seemed  to  be  verv 
rich  ;  it  ai)pears  that  it  was  formerly  wrought  by  the  Dutch, 
because  in  new  working  of  it.  were  found  llannners.  Wedges. 
cK:c.  it  sold  in  I'ristol  the  Ore  at  £40  ster.  i)er  Tun.  The  Cart- 
age to  Hudson's  River  is  short,  and  their  tirst  Agreement  with 


'Thos.  F.  Gordon  Gazetteer  of  \.  J..  Trenton.   iS.^. 

'New  Jersey  Archives  V,  p.  7. 

*New  Jersey  Archives  V,  pp.  7,  9,  267. 
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the  Aliner,  was  to  allow  him  one-third  of  the  Ore  for  raising 
and  laying  it  above  Ground ;  it  was  done  up  in  quarter  Barrels, 
whereof  six  made  a  Tun.  The  richness  of  this  Copper  Mine 
made  so  much  Noise  in  the  World,  that  a  few  Years  since,  to 
engross  this  Ore  for  the  benefit  of  Great  Britain,  it  was  l)v  Act 
of  Parliament  enumerated  :  Imt  lately  it  has  not  been  Wrought, 
and  Exported,  as  appears  by  the  c|uarterly  Accounts  of  the 
Custom-House  of  AVt*.'  York;  I  cannot  account  for  this."-"' 

In  the  meantime  Arent  Schuyler  had  died;  his  will  was 
pi  oven  July  6,  1732, the  mine  being  left  to  his  three  sons.  Col. 
John  Scliuyler.  one  of  his  sons  by  his  second  wife,  had  the 
management  of  the  mine  for  himself  and  his  Ijrothers. 

"Benjamin  Franklin  visited  the  mine  in  1749,  and  on  Feb- 
ruary 13,  1750  X.  S.  (Xew  Style)  he  writes  to  Jared  Eliot  from 
Philadelphia:"  T  know  of  but  one  valuable  copper  mine  in  the 
country,  which  is  that  of  Schuyler's  in  the  Jerseys.  This  yields 
good  copper  and  has  turned  out  vast  wealth  to  the  owners.  I 
was  at  it  last  fall,  but  they  were  not  then  at  work.  The  water 
has  grown  too  hard  for  them,  and  they  ^^■aited  for  a  fire-engine 
Irom  England  to  drain  their  pits ;  I  suppose  they  will  have  that 
at  work  next ;  it  costs  them  one  thousand  pounds  sterling."  " 

That  Dr.  Douglass  could  not  account  for  the  non-working 
ot  the  mine  is  not  strange  when  we  consider  the  difficulty  of 
communication;  indeed,  the  engine,  ordered  in  I74<S  or  17.1.9, 
was  not  shipped  from  England  until  four  years  had  passed. 

Steam  engines  (or  more  truly  speaking,  atmospheric  engines, 
for  all  of  that  date  were  of  the  Xewcomen  type)  were  then  be- 
ing used  with  great  success  in  the  coal  mines  of  that  part  of 
England  known  as  the  "Black  Country."  and  in  the  deep  tin 
xnd  copper  mines  ot  Cornwall. 

Joseph  Hornblower  and  his  sons  were  engaged  in  the  con- 
struction of  "fire  engines,"  as  they  were  called  at  that  time, 
and  it  was  to  him  that  Col.  John  Schuyler  sent  for  the  machine 
which  was  to  play  so  important  a  part  in  the  development  of 

°"A  Summary,  Historical  and  Political,   Of  the  first  Planting,  progressive 
Improvements,   and   present   State   of  the  British   Settlements   in    NORTH 
AMERICA.     By  William  Douglass,  M.  D..  Vol.  2.     Boston.  New  England; 
Printed  and  Sold  by  D.  Fowie  in  Aim  Street  facing  the  Town  Dock.  1753.''  ' 
pages  257,  258. 

"Works  of  Franklin,  edited  by  Jared  Sparks,  Boston.  1838.  V  i.  p.  107. 
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nicclianics  in  this  country.  Col.  Schuyler  also  asked  that  an 
experienced  engineer  should  accompany  it  and  set  it  in  posi- 
tion. Josiah  Hornblower,  then  only  twenty-four  years  of  age 
(for  he  was  born  in  Staffordshire,  England,  on  February  23, 
1729).  ])uilt  this  engine  in  England  and  left  home  May  8th, 
1753,  embarking  on  the  sailing  ship  Irene.  The  engine  arrived 
at  New  York,  September  9,  1753;  it  was  landed  at  Second 
Kiver  (now  IJelleville,  N.  J.),  and  was  carted  thence  to  the 
Schuyler  mine,  where  Hornblower  set  it  up.  In  account  books 
of  the  Schuyler  mine,  we  find  this  item: 

"175.? 

Sept.  25 — To  cash  pd  for  8  days,  carting  ye  engine 
&  boards  to  ye  mine  at  6  s  -  £2,  -  8     ." 

The  shaft  to  which  the  engine  was  taken  was  that  now 
known  as  the  Victoria ;  the  engine  house  was  built  about  300 
feet  northwest  of  the  shaft,  and  the  machinery  w^as  installed  by 
Hornblower.  It  was  sufficient  to  keep  the  flow  of  water  down 
for  many  years. 

When  first  brought  over  there  were  no  facilities  for  engin- 
eering work  in  the  colonies;  and  the  pipe,  as  well  as  large 
numbers  of  duplicate  pieces,  was  brought  with  it.  Some  of  the 
old  pipe  has  been  raised ;  it  illustrates  the  radical  difference  be- 
tween the  practice  of  the  older  day  and  that  of  our  more  mod- 
ern times. 

The  pipe  was  of  cast-iron,  made  in  lengths  of  about  eight 
feet ;  each  individual  length  had  a  pair  of  trunnions  cast  upon 
it  by  which  means  it  was  kept  in  a  vertical  position  while  being 
lowered  into  place.  Some  of  the  pieces  of  the  original  pipe 
brought  from  England  bear  the  weight  mark;  thus:  '*i  2  40." 
meaning,  not  1240  lb.,  but  one  ton,  two  hundred  weight,  and 
forty  pounds  (2504  lb.,  as  it  would  Ixi  marked  to-day  ). 

The  boiler  w-as  either  eight  or  ten  feet  in  diameter  and  of 
about  the  same  height;  it  was  placed  directly  beneath  the  cylin- 
der, and  was  connected  to  it  by  a  short  pipe  fitted  with  the 
valve  by  which  the  admission  of  steam;  was  regulated. 

The  cylinder  was  three  feet  in  diameter  and  eight  feet  long, 
and  the  stroke  about  six  or  seven  feet,  the  piston  making  about 
ten  or  twelve  strokes  per  minute. 

The  safety  valve  was  simply  a  heavy  lid,  resting  on  an  open- 
ing into  the  boiler;  the  v<alve  movement  was  of  the  simplest  de- 
void. CLXIV.    No.  979  2 
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scription — a  narrow  board  connected  to  the  walking  beam, 
and  holding  pins  for  adjusting  the  point  of  cut-off. 

Small  tanks,  holding  water  for  condensing  the  steam,  were 
supported  on  a  frame  several  feet  higher  than  the  cylinder;  the 
condensed  steam  drained  into  a  hotwell  alongside  the  furnace. 
The  space  above  the  piston  was  open  to  the  atmosphere,  and 
the  pressure  on  it  was  just  a  little  more  than  necessary  to  lift 
the  water  from  the  required  depth. 

The  pump  cylinder  was  ten  inches  inside  diameter;  the 
pump  rod  was  six  inches  square,  the  original  pipe  being  about 
six  inches  diameter. 

The  pump  had  a  capacity  of  134  gallons  per  minute,  or 
180,000  gallons  per  day,  (eight  hogsheads  per  hour  as  given  in 
the  old  records). 

Many  of  the  account  books  and  other  records  were  de- 
stroyed by  a  fire  which  destroyed  the  residence  of  Arent 
H.  Schuyler,  on  November  15,  1870.  Enough  remains,  how- 
ever, for  us  to  abstract  the  following  items: 

"1753. 

Oct.  25 — To  carting  624  bushels  lime  to  ye  mine  for  ye 
engine  house,  £  2  -   o  -    o 

To  carting  66  days,  clay  and  stone 
&  300  boards  to  ye  mine  6  s.  per 
day,  £19  -16-0 

To  ir  days  carting  3000  shingles 
and  ten  thousand  bricks  &c  to  ye 
mine,  £  3  -    6  -    o 

"Dec.  28 — To  cash  pd  for  16  days  carting 
timber  to  ye  sawmill  &  mines  for 
ye  engine  house  at  6  s.  £4-16-0 

"1754 

Jan.  8 — To  6  days  slaying  timber  for  ye  en- 
gine, £1-16-0 

"Feb.  24 — To  10  days  slaying  stone  and  tim- 
ber for  ye  engine,  £  3  -    o  -    o 

"Mch.  I — To  cash  pd  for  carting  timber  for 

ye  engine  house,  '  15-0 

"Apr.  2 — To  cash  pd  for  sashes  in  the  engine 

house,  10      6 
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'■June  13 — I  o  cash  paid  Josiali  Ward  for  i 
davs  carting  fire  stone  for  ye  en- 
gine from  the  mountain,  8-0 

132  days  carting  stone  &  timber 
for  the  engine  house  at  6  s.  per 
day  £39  -12-0 

"Ji'ly  15 — i"  P<1  Elizaheth  Davis  for  a  tree 

for   ye   engine   house,  ID  -    o 

2  days  carting,  12-0 

"Oct.  ID — To  pd  Thos.  Childs  for  i   1/2  days 

niasrn  work  at  the  engine  house  9  -    0 

"Oct.  2<S — To  pd  Thos  Plummer  &  Thos. 
Barnes  for  putting  the  boiler  at  ye 
engine  house  together,  £35  -1-6 

"175s 

Jan.  II — To  pd  Benj.  Smith  for  work  done 
on  ye  engine  house,  as  per  his 
acct.  &  receipt,  £52  -    5  -    6 

"Mar.    12 — To  52  days  carting  stone  &  fire 

wood  for  ye  engine,  £15  -  15  -    o" 

The  engine  was.  therefore,  probably  started  some  time  in 
March,  1755.  The  shaft  was  100  feet  deep  at  that  time,  and  was 
carried!  deeper  as  the  work  of  mining  progressed,  until,  owing 
to  the  increasing  t1ow  of  water,  the  engine  was  no  longer  able 
to  keep  the  mine  dry.  1  his  shaft  was  then  abandoned  and 
other  shafts  were  worked  to  some  extent ;  Init.  within  a  few 
years,  operation  was  entirely  abandoned. 

Up  to  the  time  when  this  shaft  was  sunk  (about  1735).  the 
mining  hacl  been  done  by  drifts  into  the  side  hill;  some  of  the 
other  shafts  upon  the  property  were  undoubtedly  sunk  between 
this  time  and  the  arrival  of  the  engine. 

In  1761,  Hornblower  and  John  Stearndall  leased  the  mine 
from  Schuyler.s — agreeing  to  pay  one-seventh  of  the  ore  as 
rent — for  fourteen  years,  the  lease  being  afterward  extended 
ten  years  longer. 

On  March  25,  1765.  Stearndall  (S:  Hornblower  assigned  one- 
half  their  interest  to  Philadelphia  parties;  John  Kidd.  William 
I*arr.  Judah  I'^ilke.  and  William  Dowell.  These  worked  it 
imtil    \J(^><.      During    1768   and    \y(yq,   it   lay   idle,   but   it    was 
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started  again  by  New  York  operators  and  kept  up  till  1773, 
when  the  engine  house  was  destroyed  by  fire. 

After  this,  no  work  was  done  for  twenty  years,  except  sur- 
face digging.  For  the  years  named  herewith,  the  account 
books  of  Hornblower  show  that  the  receipts  from  the  mine 
were:  1765,  £670,  7s.  9.,  New  York  money;  or  in  dollars, 
$1,676;  for  1766,  $4,357.87;  for  1770,  $4,785;  for  1771,  $7,787; 
for  1772,  $1,237;  for  1773,  $2,855.  Oi"e  brought  from  $8  to 
$10  per  100  pounds. 

In  1770,  only  forty-one  tons  of  copper  ore  were  exported 
from  America,  being  valued  at  £853,  13  shillings  sterling,  or 
less  than  £21  per  ton. 

An  officer  of  the  Continental  Army  in  a  Massachusetts  regi- 
ment, stationed  in  New  York  in  1776,  in  a  journal  kept  by 
himself  and  Isaac  Bangs,  gives  an  account  of  visiting  the  cele- 
brated copper  mine.  He,  with  two  other  officers  and  eighty 
men,  was  detailed  to  go  into  New  Jersey  and  cut  timbers  with 
which  to  obstruct  the  harbor  against  the  enemy's  vessels.  They 
were  provided  by  Schuyler  with  a  guide,  wnth  whom  they  visit- 
ed the  celebrated  copper  mines,  the  engine  house  being  then  in 
ruins,  having  been  burned  by  a  discharged  workman  four  years 
before.. 

Work  was  begun  a  short  distance  west  of  Hackensack  river, 
in  a  cedar  swamp  belonging  to  Arent  Schuyler ;  this  swamp  is 
now  obliterated,  the  only  traces  of  its  location  consisting  of  old 
stumps  and  tree  trunks  submerged  beneath  the  level  of  the 
meadows  on  either  side  of  the  Jersey  City  and  Belleville 
Turnpike. 

The  road  leading  to  Schuyler's  homestead  was  built  by 
Hornblower  in  1765,  and  was  used  at  this  period  by  the  Colon- 
ial troops  as  a  military  road.  It  formed  the  principal  means  of 
communication  between  New  York  harbor  and  inland  New 
Jersey.  The  cedar  swamp  was  so  dense  that  Hornblower  was 
obliged  to  do  most  of  the  survey  work  by  the  aid  of  lanterns. 

The  Schuylers,  as  well  as  the  Hornblowers,  were  ardent 
patriots ;  and  Hornblower  did  not  return  to  England,  as  was 
his  first  intention,  but  remained  in  this  country  and  married 
Miss  Kingsland,  whose  father's  plantation  adjoined  that  ot 
the  Schuyler's.  It  may  here  be  remarked  that  the  late  highly 
honored  and  esteemed  Chief  Justice  Joseph  C.  Hornblower, 
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who  was  born  in  Belleville,  and  died  in  Newark,  full  of  years 
and  distinction,  in  1864,  ^^'^s  the  youngest  of  a  family  of  twelve 
resulting  from  this  union. 

This  was  really  the  first  mine  of  any  value  that  had  been  dis- 
covered after  nearly  a  century  of  prospecting. 

When  first  worked  the  yield  averaged  about  100  tons  per 
annum,  and  the  mine  was  highly  profitable.  Gordon's  Gazetteer 
says :  "PVom  the  books  of  the  discoverer,  it  appears  that  before 
the  year  1731  he  had  shipped  1386  tons  to  the  Bristol  Copper 
and  Brass  Works." 

England  did  not  permit  the  smelting  and  refining  of  ore  in 
the  Colonies,  and  there  were  no  facilities  for  doing  machine 
work,  so  that  the  mine  lay  idle  during  the  Revolution.  On 
February  4,  1793,  however,  the  New  Jersey  Copper  Alining  x\s- 
sociation  (headed  by  Jacob  Mark,  Philip  A.  Schuyler,  and 
Nicholas  I.  Roosevelt)  leased  the  mine  from  Arent  J.  Schuyler 
(son  of  Col.  John  Schuyler,  now  deceased)  for  a  term  of  twenty- 
one  years,  with  the  privilege  of  renewing  it  for  twenty-one 
more.  The  rental  was  fixed  at  one-tenth  of  the  ore  for  the 
first  term,  and  one-seventh  for  the  second;  the  lessees  being  re- 
quired "to  erect  and  rebuild  a  sufficient  steam  engine  within 
eighteen  months  and  to  keep  at  least  eight  men  at  work  for  not 
less  than  eight  months  in  the  year." 

On  February  5th,  1753,  they  agreed  "for  the  better  carrying 
into  execution  their  intentions  of  extending  the  Copper  Works 
by  Erecting  Furnaces  &  Battering  &  Rolling  Mills,  Do  declare 
that  the  works  shall  be  carried  on  under  the  name  and  firm  of 
the  New  Jersey  Copper  Mine  Association,  property  represented 
by  640  shares  divided  among  those  interested,  3  directors  to  be 
elected  annually.  The  first  Election  for  chusing  directors 
shall  be  on  the  first  Monday  in  January  after  the  first  steam  En- 
gine is  Erected,  untill  which  time  the  whole  management  of  the 
Company's  concerns  shall  remain  with  the  Lessees."  The 
Directors  were  authorized  to  reserve  not  more  than  $8,000 
annually  until  $20,000  should  be  accumulated  which  was  to  be 
invested  as  capital,  and  used  as  necessity  might  require  for  the 
betterment  of  the  company. 

Mr.  I  b)rnl)l<»wor  was  employed  to  take  charge  at  a  salary  of 
$()0  per  month,  with  the  promise  of  a  one-sixteenth  interest  in 
the  concern. 
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•  Roosevelt,  Mark  and  Schuyler,  Directors  of  the  New  Jersey- 
Copper  Mine  Association,  l)ought  from  Hornhlower,  August 
29,  1794,  six  acres  of  land  on  the  brook  known  as  Second  river, 
with  the  privilege  of  erecting  a  dam  and  coal  house.  Here  they 
established  a  foundry  and  machine  shop ;  and  here  Josiah 
Hornblower  built  for  them  a  stamp  mill,  the  first  one  in  this 
country,  as  the  shaft  where  the  original  engine  was  set  up  was 
also  the  first  to  attain  any  considerable  depth  or  produce  ore  of 
commercial  value.  Both  the  mill  and  shop  were  operated  by 
water  power,  and  to  this  mill  the  product  of  the  mine  was  taken 
for  stamping  and  concentrating.  The  walls  of  the  old  mill 
are  still  standing,  and  a  portion  of  the  water  wheel  (which  was 
used  for  driving),  as  well  as  the  dam,  which  was  built  by  Horn- 
blower  for  the  needed  supply  of  water  power. 

Roosevelt  named  these  shops  "Soho,"  after  the  large  estab- 
lishment in  the  old  country;  and  it  was  in  this  machine-shop 
that  the  first  steam  engine  built  in  this  country  was  made. 

The  smelting  works  were  in  charge  of  one  Smallwood ;  and 
John  Hewitt'''  and  a  German  named  Rhode,  were  employed 
here,  the  former  to  make  patterns  and  Rhode  to  make  cast- 
ings for  the  engine  for  Chancellor  Robert  R.  Livingston's 
steamboat,  the  Polacca.  This  boat  started  on  her  trial  trip  on 
October  21,  1798,  was  sixty  feet  long,  and  was  propelled  by 
a  jet  of  water  forced  out  of  the  stern  by  a  powerful  centrifugal 
pump.  The  engine  had  a  cylinder  twenty  inches  in  diameter 
and  of  two  feet  stroke. 

The  management  under  the  new  arrangement  was  not  satis- 
factory to  Mr.  Hornblower,  and  in  1794  he  retired.  The  com- 
pany introduced  German  miners  because  of  the  low  wages,  but 
the  work  was  abandoned  early  in  the  I9tb.  century;  the  old 
engine  was  broken  up  and  the  material  disposed  of.  The 
boiler,  a  large  copper  cylinder  with  a  fiat  bottom  and  dome- 
shaped  top,  was  carried  to  Philadelphia.  This  reHc  (regarding 
which  an  article  is  given  in  "Atkinson's  History  of  New  Jersey," 
dated  1878,  and  from  which  a  portion  of  this  account  is  taken) 
is  a  piece  of  the  cylinder  about  six  feet  long  and  four  feet  in 
diameter.  It  finally  passed  into  the  hands  of  David  M.  Meeker 
&  Son,  the  malleable  and  gray-iron  founders,  and  was  by  them 

'An  ancestor  of  ex-Mayor  Abram  S.  Hewitt  of  New  York  City. 
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exhibited  at  the  Centennial  ExhilMtion.  In  a  chapter  devoted 
to  "Mines,  Minerals,  Stones  and  Fossils"  of  an  early  history  of 
the  United  States,  occurs  the  following:  "A  copper  mine,  on 
the  Pasaic,  a  few  miles  north  of  Newark  in  New  Jersey,  has 
been  wrought  to  advantage,  and  an  association  by  the  name  of 
the  Soho  company,  has  been  incor])orated  for  the  purpose  of 
prosecuting  the  business. '"^ 

An  effort  to  work  the  mine  in  1833  (when  an  English  com- 
pany took  hold)  is  referred  to  by  I.  Finch,'-'  as  follows : 

"The  mines  are  now  reopened,  a  steam  engine  erected  to 
<lrain  them,  and  the  works  are  proceeding  with  spirit.  It  is  the 
only  copper  mine  worked  in  the  United  States." 

The  mine  was  at  this  time  under  the  supervision  of  William 
Tregaskis.  and  the  "Victoria"  shaft  was  reopened  to  a  greater 
depth  and  a  more  powerful  engine  installed.  It  is  supposed 
that  Tregaskis  gave  the  shaft  its  name,  for  in  later  operations  it 
is  always  so  referred  to.  It  is  not  known  how  long  this  com- 
pany oj)erated,  but  it  is  supposed  it  found  the  ore  of  less  value 
than  re])resented.^" 

The  mine  was  worked  in  1855-1856  by  a  Philadelphia  com- 
pany, for  which  Mr.  Theodore  Moss  was  engineer;  but  the 
work  done  between  1833  and  1859  was  but  little.  Some  parts 
of  the  mine  were  worked  by  a  man  named  Cathuey.  but  on  a 
contract  basis,  and  for  unknown  parties. 

In  1859.  the  Brisk  company  acquired  the  mining  rights  and 
property,  but  it  sunk  no  shafts.  All  the  shafts  upon  the  prop- 
erty were  sunk  at  some  time  previous  to  this.  The  company, 
however,  opened  some  of  the  old  shafts  and  in  one  of  these 
were  discovered  an  old  horse  pistol,  a  silver  tea  set,  and  a  num- 


"'Elements  of  Useful  Knowledge.  By  Noah  Weljster,  Jun.  Esq.  Increase 
Cook  &  Co..  New  Haven,  i8c8."     Vol.  II  p.  86. 

'"Travels  Tlirnnph  the  United  States  aiul  Canada."  London.  18.^3.  p. 
277. 

'""In  i8.?.^,  when  a  new  company  was  forniinji  to  work  the  mine,  it  was 
represented  that  'the  ore  of  the  principal  vein  yields  from  60  to  70  per  cent, 
of  copiier.  and  the  vein  will  produce,  it  is  supposed,  from  100  to  120  tons  of 
ore  annually,  which  yields  from  4  to  7  07..  of  silver  to  the  hundred  pounds: 
and.  like  most  copper  ores,  a  small  portion  of  gold.  When  pure  copper 
was  sold  in  England  at  £75  sterling  the  ton,  the  ore  of  this  mine  was  ship- 
ped from  New  York  for  that  market  at  £70  the  ton.'  (£70  N.  Y.  Currency — 
$175)."     (Cordon's  Gazetteer,  p.  u.) 
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ber  of  silver  spoons,  bearing  npon  them  the  names  of  some  of 
the  old  families  throughout  this  section.  The  find  was  prob- 
ably a  portion  of  some  robber's  plunder  left  there  for  safe  keep- 
ing, and  for  some  reason  never  removed.  Brown,  mine  cap- 
tain for  the  Brisk  company,  operated  the  mine  from  1859  ^^ 
1865  with  much  of  the  old  machinery.  At  this  time  it  was 
known  as  the  "Victoria  Copper  Mine,"  and  there  were  about 
200  men  employed  as  miners,  laborers,  and  workers  in  the  mills. 
In  1865,  presumably  in  February,  an  accident  happened  to  the 
pump ;  before  repairs  could  be  made  the  water  rose  so  high 
that  the  proprietors  stopped  work,  thinking  that  improved- 
processes  would  enable  the  treatment  of  the  ore  in  this  coun- 
try instead  of  sending  it  to  Swansea,  Wales,  where  all  the  ore 
was  formerly  sent.  The  mine  was  abandoned  and  many  tools 
were  left  in  the  lower  drifts,  as  the  water  began  to  rise  before 
the  miners  had  an  opportunity  to  collect  them. 

The  Victoria  shaft  is  reported  to  be  347  feet  deep,  but  all  is 
mud  below  the  240  foot  level  and  dif^cult  of  access.  The  old 
Cornish  pump  is  still  in  position  at  the  bottom  of  the  shaft, 
buried  in  mud  and  fallen  timbers.  It  is  said  that  there  are 
three  drifts  from  the  bottom  of  the  shaft,  one  toward  the  north- 
west about  180  feet  long,  one  running  southwest  180  feet  long,, 
and  the  third  running  north  about  210  feet.  The  mill  at  this 
time  was  near  the  mine  and  had  twenty-five  stamps  of  the  old 
Cornish  type  with  wooden  stems.  The  ore  as  it  came  from  the 
mine  was  cobbed  and  hand-picked.  The  high-grade  material 
was  shipped  without  further  treatment,  and  the  lower-grade 
was  concentrated  by  means  of  jigs  and  buddies.  When  the 
Brisk  company  ceased  operations,  their  engine  house  caught 
fire  during  the  night  and  burned  down.  The  machinery,  anti- 
quated even  for  that  time,  was  inefficient,  and  the  company 
quietly  passed  out  of  existence.  They  worked,  however,  too 
near  the  surface  in  one  portion  of  the  mine,  and  in  1866  a  cave- 
in  occurred,  now  known  as  the  South  cave-in,  engulfing  a  barn 
which  was  built  over  it  on  the  surface. 

In  1892,  a  company,  known  as  the  New  York  and  New 
Jersey  Mining  Company,  endeavored  to  work  the  mine,  but  its 
capital  was  not  suf^cient.  It  robbed  the  pillars  where  some  of 
the  best  ore  had  been  left,  brought  the  surface  down  in  another 
cave-in,  and  ceased  operations. 
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In  the  fall  of  1899  ^^  option  was  secured  upon  the  prop- 
erty, and  the  three  interested  parties  made  examinations  and 
cleaned  out  two  of  the  old  shafts.  They  afterward  promoted  a 
company,  known  as  the  Arlington  Copper  Company,  and  capi- 
talized at  $2,500,000,  to  operate  the  mines.  With  this  com- 
pany the  author  was,  for  a  time,  connected,  as  engineer  in 
charge  of  construction,  but  resigned  before  the  end  of  a  year. 

The  material  "has  not  proved  as  susceptible  to  the  proposed 
chemical  treatment  as  was  expected."  The  money  "was  ex- 
pended under  the  direction  of  an  'expert'  in  the  installation  of  a 
plant  of  unique  design,  with  good  machinery,  but  no  local  met- 
allurgical value.  When  run  on  the  ore  it  was  found  that  the 
tanks  would  not  hold  the  solution  and  the  copper  w^ould  not 
precipitate."^^  Part  of  the  older  portion  of  the  mine  is  at  this 
writing  being  worked  as  a  stone  quarry ;  the  sandstone  has  a 
commercial  value  as  a  building  material. 

The  geological  formation  is  Triassic,  gray  and  red  sandstone 
and  shale,  with  intrusive  trap  dikes.  The  sandstones  are  inclin- 
ed at  an  angle  of  about  9°  to  the  horizontal ;  the  trap  is  partly 
brecciated  and  often  forms,  with  the  sandstone,  a  metamor- 
phic  conglomerate.  The  ore  is  the  cuprous  sulphide,  chalco- 
cite  (CugS)  and  the  carbonates  malachite  and  azurite.  (Azurite 
is  rare.) 

The  first  mentioned  carries  about  /S  per  cent,  and  the  two 
latter  about  57  and  55  per  cent,  of  copper  respectively,  when 
pure.  I'herefore,  the  original  discovery  on  the  outcrop  must 
have  been  a  piece  of  chalcocite.  Small  quantities  of  cuprite 
or  red  oxide,  and  of  copper  silicate  are  also  found ;  as  well  as 
minute  (and  scarce)  particles  of  native  copper.  "The  ore  itself 
is  not  in  any  vein  with  well  marked  boundaries,  but  occurs  in 
[)ockets,  or  bunches,  and  seams  which  ramify  through  two 
thick  layers  of  sandstone  and  a  thin  bed  of  shale.  There  are 
mnnerous-  faults  in  the  deposit,  and  it  is  at  these  points  and  in 
connection  with  small  traj)  dikes  that  some  of  the  richest  ore  is 
found.  There  is  a  considerable  shaly  slate  which  assays  from 
six  to  seven  per  cent."  The  ore  also  occurs  "as  finely  scattered 
particles,'^  or  as  thinly  diffused  coloring  matter."^'^ 

"Annual  Report  of  the  State  Geologist,  Trenton.  N.  J.,  1902. 
"In  the  shale  and  sandstone.     "In  the  sandstone.     (J.  H.  G.) 
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Forty-two  shafts  in  all  have  been  sunk  at  various  times  and 
places,  many  of  them  connecting  with  passages  of  the  most 
tortuous  character;  eight  of  them  connect  with  the  three  drain 
tunnels  which  have  been  run  for  unwatering  the  mine.  The 
longest  of  these  tunnels  is  1300  feet  in  length,  and  connects 
through  a  drift  with  three  large  chambers  that  have  been 
stoped  out.     One  of  these  measures  670  feet  in  perimeter. 

The  mine  has  been  the  producer  of  other  things  than  copper. 
Nearl}^  a  score  of  years  ago  it  was  the  scene  of  a  novel  depict- 
ing the  woes  of  one  ''Maggie  Tilby,"  who  is  actually  reputed  to 
have  made  the  abandoned  workings  her  dwelling  place  and  to 
have  earned  the  title  of  "witch"  in  consequence.  It  is  also  re- 
ported to  have  served,  during  the  Revolution,  as  a  hiding  place 
for  the  spies  in  the  Colonial  Army ;  even  now  it  has.  what  lonely 
and  abandoned  spots  seem  always  to  obtain  in  time,  a  "haunt." 

The  ghost  stories  are,  seemingly,  not  confined  to  the  rosy 
descriptions  of  the  promoter.  Since  early  in  the  19th  century, 
most  of  the  working  appears  to  have  been  of  the  public  rather 
than  of  the  mines ;  and  for  the  past  three  years,  the  entire  es- 
tablishment has  been  idle,  a  prey  of  the  speculator  and  the 
cause  of  much  disappointment  and  legal  quibbling.  It  may  be 
that  the  days  of  its  usefulness  as  a  producer  of  copper  are  over. 
Certain  it  is  that  where  a  hundred  and  fifty  years  ago  teamsters 
were  carting  "fire  stone"  to  the  historic  engine,  a  settlement  of 
the  distinctly  modern  suburban  type  is  fast  obliterating  the 
last  traces  of  the  old  land  marks. 

In  a  paper  covering  a  subject  of  such  historic  interest,  the 
author  must,  of  necessity,  become  more  or  less  a  compiler.  Ac- 
knowledgments are  due  for  much  of  the  information  contained 
in  the  foregoing,  to  various  reports  of  the  State  Geologist  of 
New  Jersey,  to  a  paper  on  "Josiah  Hornblower,"  read  by 
William  Nelson  before  the  New  Jersey  Historical  Society  at 
Newark,  May  17,  1883,  and  to  Mrs.  Cortlandt  Van  Renssallaer. 

(To  be  continued.) 
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Work  of  the  United  States  Reclamation  Service. 
F.  H.  Newell,  Chief  Engineer  of  the  Reclamation  Service. 


The  work  uf  the  Reclamation  Service  is  the  outcome  of  what 
is  known  as  the  Reclamation  Act,  signed  by  the  President  June 
17,  1902.  Tliis  Act  sets  aside  the  proceeds  of  the  sale  of  pubHc 
lands  in  thirteen  Western  States  and  three  Territories,  convert- 
ing this  into  a  fund  in  the  Treasury  of  the  United  States  to  be 
utilized  in  the  construction  of  works  for  the  reclamation  of  arid 
lands,  these  lands,  if  public,  being  given  away  to  men  who  will 
live  upon  them,  payment  being  made  for  the  actual  cost  of  bring- 
ing water  to  the  land.  The  repayments  for  this  water  are  turned 
back  into  the  Treasury  and  become  immediately  available  for  the 
construction  of  other  works. 

In  short,  the  Reclamation  Act  creates  a  revolving  fund  which, 
if  well  administered,  should  grow  continually,  to  be  utilized  until 
all  of  the  arid  lands  of  the  West  have  been  reclaimed. 

The  estimated  funds  from  1901  to  1908  amount  to  a  little  over 
$40,000,000.  Plans  ha\e  been  made  for  the  investment  of  this 
entire  amount  and  work  begun  on  large  structures  at  various 
])nints  in  the  arid  West.  .About  twenty-four  projects  have  al- 
ready been  begun,  after  appro\al  by  the  Secretary  of  the  Interior, 
who  is  the  othci.nl  charged  by  law  with  putting  the  .\.ct  into  effect. 

To  assi.^t  him  in  this  matter  the  Secretary  of  the  Interior  has 
what  is  known  as  the  Reclamation  Service,  an  organization  of 
about  500  skilled  engineers  and  assistants.  These  men  have 
studied  the  situation,  made  surveys  and  preliminary  designs,  and 
after  these  have  Ijeen  approved  by  the  Secretary  of  the  Interior, 
have  begun  work  of  construction,  the  operations  in  general  being 
carried  on  by  contract  in  the  customary  manner.  It  has  been 
found,  however,  that  the  price  of  material  and  labor  has  advanced 
'^o  greatly  within  the  last  year  that  many  of  the  contractors  have 
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been  financially  embarrassed  or  have  failed.  As  a  result  it  has 
been  necessary  for  the  Government  to  take  over  the  works  and 
complete  them  by  w^hat  is  known  as  "force  account."  In  the  case 
of  other  large  works,  bids  for  which  were  asked,  there  have  been 
no  bidders,  or  the  prices  offered  have  been  so  high  as  to  render 
it  impracticable  to  award  a  contract.  In  such  cases  the  Secretary 
of  the  Interior  has  authorized  construction  by  force  account,  it 
being  ascertained  that  this  can  be  done  by  the  present  organiza- 
tion, as  a  rule,  cheaper  than  by  the  usual  form  of  contract.  The 
conditions  are  somewhat  anomalous;  but  with  a  rising  market 
for  labor  and  material  it  becomes  exceedingly  difficult  for  even 
the  best  equipped  contractor  to  make  estimates  which  will  allow 
him  to  realize  a  profit,  especially  when  the  work  is  carried  on 
through  several  years. 

One  of  the  features  of  the  Reclamation  work  to  which  especial 
care  has  been  given  is  that  of  cost  keeping,  not  only  to  ascertain 
the  total  cost  of  the  work,  but  also  the  unit  cost  of  each  import- 
ant operation.  These  costs  are  kept  not  only  for  the  work  which 
the  Go\'ernment  itself  is  carrying  on  by  force  account,  but  also 
for  the  contractor,  so  that  it  is  possible  to  compare  the  actual  cost 
of  the  work  to  the  contractor  and  to  know  from  tim.e  to  time 
whether  the  contractor  is  making  or  losing  money.  This  is  an 
important  detail  in  any  Government  work  of  this  character,  as 
the  responsible  men  in  charge  should  know  whether  the  contrac- 
tor is  in  a  financial  condition  such  that  he  can  bring  the  work  to 
a  successful  conclusion.  Otherwise,  plans  must  be  made  for  tak- 
ing over  the  work,  if  the  contractor  will  not  be  able  to  push  it 
successfully. 

It  is  also  important  that  the  Government  and  the  people  in- 
terested know  exactly  what  the  work  is  costing,  so  that  there  may 
be  no  misapprehension  on  the  part  of  any  one  as  to  the  ability  of 
the  Government  to  handle  its  own  work  by  a  thoroughly  trained 
civil  service.  It  is  believed  that  the  results  accomplished  demon- 
strate this  fact,  namely,  that  it  is  possible  by  careful  selections 
under  civil  service  laws  to  obtain  men  of  high  character  and 
ability  and  by  the  promotion  of  these  and  recognition  of  their 
work  to  create  an  organization  capable  of  handling  Government 
work  economically  and  effectively. 

The  following  brief  statement  gives  the  larger  features  of  each 
of  the  projects  in  the  various  Western  States  and  Territories. 
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nhesc  are  arranged  aliihabetically  by  tlie  name  of  the  Stat?.  It 
should  be  pointed  out  that  each  project  (hffers  from  all  others  and 
that  each  offers  peculiar  problems  difficult  of  solution.  One  of 
the  "greatest  obstacles  to  be  overcome  in  the  organization  of  th; 
Reclamation  Service  is  due  to  the  fact  that  the  work  is  so  widely 
distributed  that  it  is  practically  impossible  for  one  man  to  see  all 
of  the  work  even  if  he  should  travel  continuously  for  nearly  a 
year.  It  has  thus  been  necessary  to  select  for  supervising  en- 
gineers in  the  field  men  of  large  ability  and  to  give  these  men  dis- 
cretion in  detail  such  as  would  liardl\-  l)e  iri^'en  to  subordinates  in 


Sile  cf  the  Koosevelt  iliim.  .Xrlzoiiu. 


the  case  of  works  which  are  concentrated  within  the  limits  of  one 
State  or  which  could  be  reached  within  a  few  hours'  travel. 

In  this  respect  the  difficulties  met  by  the  Reclamation  Service 
are  more  extreme  than  those  at  Panama,  where  the  work  can  all 
be  inspected  within  reasonable  time  and  where  it  all  lies  on  a  rail- 
road and  covers  an  area  of  about  forty  miles  only  in  extent. 
Many  of  the  Reclamation  projects  with  regard  to  area  are  far 
larger,  some  of  them  extending  for  a  length  of  nearly  a  hundred 
.miles  and  without  railroad  facilities. 
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Ari.zoua. — The  Salt  River  project  contemplates  the  construc- 
tion of  a  large  storage  dam,  270  feet  in  height,  at  Roosevelt, 
Ariz.,  which  will  regulate  the  supply  of  water  by  gravity  system 
for  about  160,000  acres  of  land  in  the  vicinity  of  Phoenix.  When 
the  dam  is  constructed  there  will  be  developed  a  large  amount  of 
power,  which  will  be  utilized  to  increase  the  water  supply  in  the 
Salt  River  Valley  by  means  of  i)umping  from  underground 
sources. 

A  cement  mill  was  erected  by  the  Government  and  is  now  in 
operation,  furnishing  a  first-class  quality  of  cement  to  be  used  in 
the  works.  The  construction  of  the  dam  will  require  200,000 
barrels  of  cement.  The  lining  of  the  power  canal  and  the  work 
on  the  sluicing  tunnel  are  hnished,  and  the  work  on  the  large  dam 
is  being  pushed. 

California. — The  Yuma  project  is  for  the  diversion  of  the 
waters  of  the  Colorado  River,  by  means  of  the  proposed  Laguna 
dam  and  sluiceways,  about  ten  miles  northeast  of  Yuma,  Ariz., 
into  two  canals,  one  on  each  side  of  the  river.  In  Arizona  these 
canals  will  irrigate  all  the  bottom  lands  of  the  Colorado  and  Gila 
rivers,  between  the  Laguna  dam  and  the  Mexican  boundary 
(84,000  acres  in  round  numbers),  and  in  California  the  bottom 
lands  in  the  Yuma  Indian  Reservation  (17,000  acres).  Plans 
also  contemplate  the  construction  of  a  complete  system  of  levees 
to  protect  the  bottom  lands  from  overflow  and  a  pumping  system 
to  remove  the  surplus  water  from  the  low-lying  areas. 

Colorado. — The  Uncompahgre  Valley  project  contemplates  the 
diversion  of  waters  of  Gunnison  River  by  means  of  a  tunnel  30,- 
000  feet  in  length,  cross  section  loi-  by  ii\  feet,  cement-lined, 
capacity  1,300  second-feet.  The  tunnel  passes  under  a  high 
divide  and  carries  the  water  to  Uncompahgre  Valley,  w'here  it 
will  be  utilized  for  the  reclamation  of  140,000  acres  of  land  in 
Montrose  and  Delta  counties.  Construction  of  the  tunnel  was 
begun  in  1904  and  work  thereon  has  since  been  progressing 
rapidly.     More  than  3^  miles  are  completed. 

About  twenty  per  cent,  of  the  irrigable  land  is  subject  to  home- 
stead entry  under  the  provisions  of  the  Reclamation  Act.  The 
farm  unit  for  first-class  ft-uit  land  will  probably  be  forty  acres, 
while  on  other  lands  suitable  for  growing  grain,  sugar  beets  and 
alfalfa  eighty-acre  tracts  may  be  filed  upon.  No  water  can  be  de- 
livered for  irrigation  prior  to  the  crop  season  of  1909. 


July.  1907I  ]]'ork  of  U.  S.  Reclamation  Scriitw 


^3 


Idaho. — The  Minidoka  project  provides  for  the  reclamation 
of  ahoiit  130,000  acres  of  land  lying-  on  both  sides  of  Snake  River 
in  Southern  Idaho,  'ihe  area  to  he  benefited  was  all  Govern- 
ment land,  which  has  been  withdrawn  from  general  entry  under 
the  provisions  of  the  Act  of  June  17,  1902.  but  remains  subject 
to  entry  under  the  provisions  of  the  Homestead  Law.  Home- 
stead entries  within  a  radius  of  li  miles  from  the  center  of  each 
town  site  established  are  limited  to  forty-acre  tracts,  and  those 
on  all  other  lands  under  this  project  to  eighty  acres.  The  soil  is 
excellent,  being  a  deep,  sandy  loam  free  from  alkali,  now  produc- 
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ing  a  thrifty  growth  of  sagebrush.  The  co.st  of  water  rig^ht  un- 
<lcr  this  project  will  be  $23  to  $35  an  acre,  to  be  paid  in  ten  an- 
nual installments,  without  itUcrost.  It  is  l>elievod  tiiat  all  of  the 
land  is  now  liled  upon  by  bona  tide  settlers. 

The  large  dam  is  completed;  the  telephone  system  is  tinished. 
an<l  work  on  the  distributing  system  is  being  pushed  vig-orously. 
I'resent  conditions  indicate  that  water  will  probably  be  turned  on 
the  lands  under  Hie  gra\ity  canals  in  the  irrigating  season  of 
1907. 
Voi,.   CLXIV.     No.  979  » 
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The  lands  t(j  Ije  inclnded  under  this  proposed  system  are  tribu- 
tary to  the  Oregon  Short  Line  Railway,  which  has  recently  ex- 
tended a  branch  line  through  the  Minidoka  tract,  upon  which  are 
located  three  town  sites,  the  lots  in  which  are  offered  for  sale  by 
the  Government. 

The  Payete-Boise  project  ultimately  will  reclaim  about  370,- 
000  acres  of  land  in  the  valleys  of  the  Payette,  Boise  and  Snake 
Rivers,  in  Southwestern  Idaho.  Of  this  area  about  five-sixths 
is  without  present  facilities  for  irrigation.  The  complete  plans 
projicjse  the  utilization  of  both  the  Payette  and  Boise  Rivers  and 
include  the  construction  of  extensive  storage  works  at  the  head- 
waters of  each  stream.  The  lands  are  smooth,  w^ith  gentle  slop^ 
to  drainage.  The  work  of  construction  has  been  taken  up  by 
units  and  several  years  will  elapse  before  the  whole  project  is 
completed.  Several  contracts  have  been  let  and  the  work  is  now 
under  wa}\ 

Kansas. — The  Garden  City  project,  by  means  of  an  extensive 
pumping  system,  will  provide  a  supply  of  water  to  irrigate  about 
■8.600  acres  situated  just  east  of  Deerfield,  in  Southwestern  Kan- 
sas. The  land  in  cjuestion  is  all  in  private  ownership  and  is  un- 
der an  existing  system  owned  by  the  Finney  County  Farmers' 
Irrigation  Association.  The  attempt  to  furnish  water  for  the 
irrigation  of  these  lands  by  a  gravity  system  supplied  by  diversion 
from  the  river  has  not  met  with  success,  owing  to  the  rapid  loss 
of  water  from  the  river  to  the  gravels  and  the  uncertain  Aolume 
of  flow  in  this  stream. 

The  proposed  pumping  plant  is  designed  for  the  recovery  of 
underground  waters  and  involves  the  construction  of  twenty- 
three  separate  pumping  stations,  each  driven  electrically  from  a 
central  power  station. 

Montana. — The  Huntley  [)roject  is  one  for  the  reclamation  of 
about  30,000  acres  of  land  located  along  Yellowstone  River  in 
Southeastern  ^Montana,  within  the  ceded  portion  of  the  Crow 
Indian  Reservation.  The  lands  to  be  reclaimed  are  along  the 
Northern  Pacific  and  Chicago.  Burlington  and  Ouincy  Railroads. 
They  form  a  portion  of  the  area  which  the  Crow  Indians,  by 
treaty  ratified  by  Act  of  Congress  approved  April  27,  1904,  ceded 
to  the  United  States.  Upon  the  completion  of  allotments  to  the 
Indians  as  required  by  the  act.  the  area  remaining  is  to  be  sub- 
ject to  disposition  in  accordance  with  the  provisions  of  the  home- 
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stead  laws  and  the  rules  and  regulations  governing  the  disposal 
of  public  land.  In  addition  to  the  cost  of  reclamation,  the  price 
of  the  lands  is  to  be  $4  an  acre  when  entered  under  the  home- 
stead laws. 

The  Sun  River  project  was  formally  approved  by  the  Secretary 
of  the  Interior  on  Alarch  19,  1906,  and  the  sum  of  $500,000  was 
allotted  for  initiating  the  work  of  construction.  The  preliminary- 
investigations  indicate  that  in  the  Valley  of  Sun  River  256,000 
acres  are  reclaimable,  a  large  percentage  of  which  is  public  do- 
main. The  irrigable  area  is  a  broad  prairie  extending  from 
Teton  River  on  the  north  to  Sun  River  on  the  south,  a  distance 
of  thirty  miles,  and  from  the  Rocky  Mountains  on  the  west  to 
Missouri  River  on  the  east,  a  distance  of  seventy  miles. 

This  land,  although  extremely  rich  in  all  the  elements  of  fer- 
tility, without  water  is  only  fit  for  grazing,  but  when  irrigated 
will  be  very  productive.  The  examinations  made  by  the  en- 
gineers show  that  this  project  is  free  from  difficult  engineering 
features,  and  the  to])Ography  of  the  country  is  such  that  it  can  be 
built  a  unit  at  a  time.  It  is  possible  that  the  first  unit  selected 
for  construction  will  be  the  reclamation  of  about  16,000  acres. 

Nelwaska-Wyoming. — The  North  Platte  project  has  for  its 
object  the  storage  of  the  flood  and  surplus  waters  of  Xorth  Platte 
River  in  a  reservoir  in  Wyoming  by  a  dam  210  feet  high  in  a 
narrow  canyon  just  below  the  mouth  of  Sweetwater  River.  Dur- 
ing the  irrigating  season  the  water  will  be  permitted  to  flow  down 
the  channel  of  the  river  for  about  150  miles  to  where  a  low  di- 
version dam  will  turn  it  into  canals,  which  will  distribute  it  over 
the  lands  to  be  irrigated. 

The  land  to  be  reclaimed  is  fertile  and  adapted  to  the  success- 
ful growth  of  a  wide  variety  of  crops.  Water  will  be  delivered 
for  the  irrigation  of  a  considerable  portion  of  the  land  under  this 
project  during  the  season  of  1907. 

The  Pathlinder  tunnel  has  been  completed  and  contracts  have 
been  let  for  the  construction  of  the  Pathfinder  dam.  for  the  ex- 
cavation fur  about  ninety-live  miles  of  the  Interstate  canal,  and 
for  re-enforced  concrete  structures  on  its  first  forty-flve  miles. 

Nevada. — The  Truckee-Carson  project,  when  completed,  will 
provide  an  anii)lo  supply  of  water  to  irrigate  about  ^^50,000  acres 
of  arid  land  in  W  cstern  Xe\.'ula.  The  tirst  work  of  actual  con- 
struction was  begun  in  September,  1903.  on  a  canal  thirty-one 
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miles  in  length,  to  divert  water  from  Truckee  River  and  convey, 
it  to  the  channel  of  Carson  River,  where  a  storage  reservoir  will 
eventually  be  built.  This  canal,  with  several  hundred  miles  of 
lateral  ditches,  is  completed,  and  on  June  17,  1905,  the  third  an-, 
niversary  of  the  Reclamation  Act,  occurred  the  formal  opening 
of  this  project,  the  first  to  be  constructed  under  the  authority  o^ 
the  law  of  June  17,  igo2. 

\\"ater  is  ready  for  delivery  to  more  than  100,000  acres,  the 
greater  part  of  which  is  public  land,  which  has  been  thrown  open 
to  homestead  entry,  and  may  be  filed  upon  by  bona  fide  settlers,  in 
accordance  with  the  rules  and  regulations  of  the  homestead  laws^ 
and  Reclamation  Act.  An  assessment  of  $26  per  acre  will  be. 
charged  against  the  land  for  its  water  right,  payable  in  ten  annual: 
installments,  without  interest. 

The  construction  of  outlet  and  regulating  works  at  the  outlet- 
of  Lake  Tahoe  and  the  extension  of  the  system  to  include  addi-. 
tional  areas  will  be  undertaken  at  an  early  date. 

N'ezv  Mex'co. — The  Hondo  project,  completed  in  1906,  diverts, 
and  stores  the  water  of  Hondo  River,  a  tributary  of  the  Pecos, 
and  will  make  possible  the  reclamation  of  about  10,000  acres  of- 
land  in  the  vicinity  of  Roswell. 

The  Carlsbad  project  includes  storage  reservoirs  in  Pecos. 
River  in  Chaves  County  and  the  extension  of  canals  which  have 
been  constructed  by  private  enterprise  to  irrigate  about  20,000 
acres  of  land.  The  development  of  PecoS;  Valley  has  been 
brought  about  by  individuals,  who  installed  an  extensive  system, 
of  irrigation  works,  representing  the  outlay  of  more  than  a  mil- 
lion dollars.  On  October  4,  1904,  a  flood  in  Pecos  River  de-. 
stroyed  a  large  portion  of  Avalon  dam,  upon  which  the  canal' 
S3^stem  depended  for  its  supply.  The  owners. of  the  canal  system 
were  unable  to  repair  the  damages,  and,  as  property  valued  at  not- 
less  than  $2,000,000  was  threatened  with  destruction  unless  the 
water  supply  was  provided,  an  appeal  was  made  to  the  Govern- 
ment to  take  the  works  and  to  initiate  construction  in  order  tO-. 
prevent  the  destructions  of  homes  and  property.  Construction 
has  been  begun.  The  land  under  this  project  is  now  mostly  in 
private  ownership. 

Nezv  Mexico-Texas. — The  Rio  Grande  project  involves  the 
construction  of  a  storage  dam  opposite  Engle,  N.  Mex.,  across, 
the  Rio  Grande,  which  will  form  a  reservoir  i^^  feet  deep  at  its.. 
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lower  end  and  f<jrty  miles  long,  with  a  storage  capacity  of  2,000.- 
000  acre-feet,  for  the  irrigation  of  180.000  acres  of  land  in  Xew 
Mexico.  Texas  and  Mexico. 

'J'he  Leasburg  division,  which  is  a  part  of  the  Rio  Grande 
project,  calls  f')r  the  construction  of  a  low  500- foot  concrete  di- 
version dam,  with  pier,  embankment  and  sluice  gates,  head  weir, 
and  head  gates.  In  connection  with  the  diversion  dam  it  will  be 
necessary  to  construct  six  miles  of  full-size  canal  to  connect  with 
the  old  Las  Cruces  canal. 

North  Dakota. — Three  pumping  projects  are  planned  in  W'est- 
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fern  North  Dakota  for  the  purpose  of  raising  water  from  the 
Missouri  River  to  irrigate  bench  lands  which  lie  at  heights  too 
great  to  be  reached  by  gravity  systems.  Both  steam  and  electric 
power  will  be  used  for  i)umping.  the  power  to  be  (le\eloi)ed  from 
lignite  coals  which  are  found  in  ample  f|uantities  near  by. 

Buford-Trenton  project. — This  project,  located  about  twenty 
miles  west  of  Williston.  on  the  Great  Northern  Railroad,  will 
■supply  water  for  a  series  of  Hats  aggregating  about  27.000  acres. 
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WilUston  project. — The  pumping  plant  for  this  project  will  be 
located  about  five  miles  west  of  Williston  and  about  twenty-five 
miles  east  of  the  Montana-North  Dakota  State  line.  Forty- 
thousand  acres  of  bench  land  on  the  north  side  of  the  river  will 
be  irrigated,  but  the  system  is  capable  of  extension  to  flats  on  the 
other  side  of  the  river,  making  a  total  of  approximately  70,000 
acres.  It  is  proposed  to  pump  all  the  water  required  from  the 
Missouri  River  into  the  low-line  canal  at  the  main  plant,  and  to 
pump  from  this  main  canal  into  canals  at  higher  elevation  by- 
means  of  electrically  operated  plants  conveniently  located. 

Nesson  project. — The  area  to  be  covered  by  the  Nesson  pro- 
ject consists  of  about  25,000  acres  of  bench  land  situated  thirty 
miles  east  of  Williston,  the  larger  part  being  on  the  north  side  of 
the  Missouri  River.  About  twenty-five  per  cent,  of  the  land  is  in. 
Government  ownership. 

North  Dakota-Montona. — The  Lower  Yellowstone  project 
takes  water  from  Yellowstone  River  at  a  point  seventeen  miles 
northcp.st  of  Glendive,  Mont.,  for  the  irrigation  of  66,000  acres 
of  land  lying  in  Northeastern  Montana  and  Northwestern  North 
Dakota.  Work  is  in  progress  on  the  main  canal  and  lateral  sys- 
tem. 

Oregon. — The  Umatilla  project  embraces  20,000  acres  im- 
mediately south  of  Columbia  River  and  east  of  Umatilla  River. 
About  ten  per  cent,  of  these  lands  are  in  public  ownership.  The 
engineering  work  in  connection  with  this  project  consists  of  a 
feed  canal  from  Umatilla  River  to  the  Cold  Springs  reservoir 
and  a  distribution  system.  The  works  are  of  simple  character 
and  capable  of  being  constructed  in  a  short  time.  The  irrigable 
area  under  this  project  lies  below  500  feet  in  altitude,  is  rolling 
in  character,  and  the  lands  are  of  high  fertility.  The  climate  is. 
warm  and  the  soil  adapted  to  orchards,  small  fruit  and  vegetables. 

Oregon-California. — The  Klamath  project  lies  across  the  State 
line  in  Southern  Oregon  and  Northern  California.  The  total 
irrigable  area  under  this  project  embraces  236,402  acres,  of 
which  forty-five  per  cent.,  or  106,829  acres,  is  public  land,  and 
55  per  cent.,  or  129,573,  is  private  land,  90.000  acres  being  in 
California  and  the  remainder  in  Oregon.  The  lands  are  of  ex- 
cellent quality,  and  alfalfa,  wdieat,  oats,  barley,  rye,  vegetables 
and  the  deciduous  fruits  are  grown  successfully.  Experiments 
in  the  culture  of  sugar  beets  show  that  this  crop  may  become  a 
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profitahlj  industry.  The  project  naturally  falls  into  two  distinct 
parts — the  so-called  "upper  project,"'  provided  for  the  irrij^ation 
of  lands  in  Langells,  Yonna,  Poe  and  upper  Klamath  Valleys, 
and  the  "lower  project."  Avhich  includes  the  irrigation  of  lands 
in  KL'ur.ath  and  lower  Poe  Valleys,  and  the  reclamation  of  lower 
Klamath  and  Tule  I>akes  by  drainage. 

Contracts  for  the  construction  of  the  main  canal  and  the  auxil- 
iary works  ha\e  been  let  and  construction  of  the  system  has 
begun. 

South  Dakota. — The  Belle  Fourche  project,  when  completed. 
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will  reclaim  about  100,000  acres  lying  northeas:  of  the  Black  1  lills, 
Butte  and  Meade  Counties,  S.  Dak.  Of  the  total  irrigable  area  it 
ap])ears  that  about  50.000  acres  is  public  or  Goxernment  land. 

Work  on  the  main  supply  canal,  the  dam,  antl  distributing 
canals  is  progressing  steadily.  It  is  expected  that  the  south  side 
canal,  which  will  furnish  water  to  irrigiite  about  20.000  acres, 
can  be  constructedi  in  time  to  deliver  water  in  1907. 

Hall. — The  Strawberry  Valley  project  provides  for  the  irriga- 
tion of  al)out   :^o,ooo  acres  of  land  in  Central  I'tali.  situated  from 
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five  to  fifteen  miles  south  of  Provo  and  on  the  eastern  shore  of 
Utah  Lake.  Water  siii)ply  will  be  received  from  a  storage  reser- 
voir to  be  built  on  Strawberry  River,  about  thirty  miles  east  of 
the  irrigable  area.  By  means  of  a  tunnel  four  miles  long  the 
stored  waters  will  be  carried  under  the  divide  and  emptied  into 
Spanish  Fork,  from  which  a  canal  from  eighteen  to  twenty  miles 
long  will  con.vey  thsm  to  the  irrigable  area.  The  lands  have  a 
mean  elevation  of  4,500  feet. 

IVasIniigfo)!. — The  Okanogan  project  is  designed  to  supply 
water  to  8,650  acres  of  land  in  Okanogan  Valley,  in  Northern 
^^'ashington.  The  water  supply  is  estimated  to  be  sufficient  for 
the  proper  irrigation  of  10,000  acres,  1,350  of  which  are  now 
supplied.  I^he  farm  unit  has  not  been  definitely  fixed,  but  a  soil 
survey  is  being  made,  and  it  is  believed  that  on  account  of  the 
possibilities  for  high  development  in  this  section  the  area  allowed 
each  settler  will  be  restricted  to  forty  acres. 

Yakima  Valley  contains  an  area  of  approximately  500.000 
acres ;  with  storage  it  is  estimated  the  water  supply  is  sufficient 
for  340,000  acres.  This  acreage  includes  approximately  100,000 
acres  in  the  Yakima  Indian  Reservation,  which  can  be  brought 
under  canals  at  a  moderate  cost,  but  for  which  there  is  no  late 
summer  fiow  in  the  river.  The  development  of  a  comprehensive 
system  of  irrigation  in  Yakima  Valley  can  be  accomplished  by 
the  successi\-e  construction  of  several  units  of  a  general  project, 
the  work  being  graduliay  extended  to  embrace  the  entire  irri- 
gable area. 

The  Tieton  division,  which  is  an  integer  of  the  great  work  pro- 
jected in  Yakima  Valley,  embraces  an  area  of  about  24.000  acres 
west  of  and  near  the  city  of  North  Yakima.  The  water  supply 
will  be  from  Tieton  River,  supplemented  by  waters  stored  in 
Bumping  Lake 

The  Sunnyside  division  of  the  Yakima  project  contemplates 
the  enlargement  and  extension  of  the  Sunnyside  canal  system 
now  in  operation,  and  in  connection  therewith  the  construction 
of  suitable  storage  works  at  the  upper  Yakima  Lakes.  The 
canal  and  lateral  system  contemplated  as  the  lirst  section  of  the 
Avork  will  irrigate  about  40.000  acres  of  land.  Construction  of 
the  Tieton  and  Sunnyside  projects  will  begin  in  the  spring  of 
1907. 

iryoniing. — The  Shoshone  project  provides  for  the  diversion 
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of  a  |)(jrtion  of  the  waters  of  Shoshone  River,  and  the  construc- 
tion of  an  inipoun(hng'  dani  at  the  head  of  the  canyon  throug"h 
which  the  ri\er  t^ows.       The  reservoir  thus  created  will  ha\e  a 
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stora.^e  ca])acity  of  456.000  acre- feet.      When  the  project  is  coni- 
;.letcd.  il  will  he  possihle  to  reclaim  ahout  175.OOO  acres  of  irri- 
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gable  public  lands.  A  portion  of  this  area,  122,000  acres  in  ex- 
tent, is  located  on  the  left,  or  north  side  of  the  river,  and  53,000 
acres  on  the  right,  or  south,  side,  the  whole  being  about  seventy- 
five  miles  east  of  Yellowstone  National  Park,  Wyo. 

The  soil  is  productive,  and  hay,  wheat,  oats,  barley  and  the 
hardier  vegetables  can  be  produced  abundantly  with  an  ample 
supply  of  water.  At  the  proper  time,  when  the  construction  of 
the  project  is  approaching  completion,  the  lands  will  be  thrown 
open  to  homestead  entry  by  bona  fide  settlers  under  the  home- 
stead laws  and  terms  of  the  Reclamation  Act. 

Construction  work  is  well  under  way  on  the  outlet  tunnel,  tem- 
porary diversion  works  at  the  dam.  and  Corbett  tunnel. 


THE  AMERICAN  GALVANIZING  COMPANY. 

A  company  is  now  being  formed  by  H.  W.  Poor  &  Co.,  33  Wall  street, 
New  York,  named  the  Americar  Galvanizing  Company,  for  the  purpose  of 
introducing  in  this  country  the  process  of  dry  galvanizing  which 
is  known  as  Sherardizing.  This  new  process  of  galvanizing  is  in  success- 
ful use  in  Great  Britain  and  Germany,  and  has  received  considerable  atten- 
tion in  the  technical  press.  In  this  process  the  articles  to  be  galvanized  are 
placed  in  a  closed  iron  receptacle  filled  with  zinc  dust  and  heated  to  a  tem- 
perature of  SCO  to  600  degrees  F.  (200  to  300  degrees  below  the  melting 
point  of  zinc)  for  a  time  varying  from  a  few  minutes  to  several  hours,  ac- 
cording to  the  size  of  the  article  treated,  and  are  then  allowed  to  cool.  The 
articles  treated  are  then  found  to  be  coated  with  a  fine  homogeneous 
covering  of  zinc,  the  thickness  of  which  is  dependent  upon  the  temperature 
and  the  time  for  which  the  article  has  been  treated.  The  covering  effected 
in  this  manner  is  not  merely  superficial,  but  is  claimed  to  be  alloyed  into 
the  surface  of  the  article  treated.  It  is  then  impossible  to  separate"  the 
zinc  either  chemically  or  mechanically  without  removing  the  original  sur- 
face of  the  article  treated.  It  is  claimed  that  by  this  process  the  required 
plant  is  imuch  cheaper  than  a  phmt  for  hot  galvanizing;  a  great  saving  in 
fuel  and  labor  is  effected;  a  less  amount  of  zinc  is  required;  a  coating  of 
any  desired  thickness  can  be  given;  the  surface  is  much  smoother;  a  high 
polish  equal  to  nickle  plate  can  be  given  at  very  little  cost;  there  is  no  loss 
in  temper  or  of  tensile  strength;  screws  do  not  require  to  be  rethreaded 
after  treatment;  large  articles,  such  as  structural  shapes,  can  be  treated. — 
Iron  Ase. 
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(Stated  Meeting  held  Wednesday,  November  21,  1906.) 


.  The  Why  of  the  Weather. 

H.\R\  Ev  M.  Watts. 
[Abstract.] 

j\lr.  Watts,  with  tlie  aid  of  lantern  slides,  showing  weatlier 
maps,  storm  tracks  and  the  general  circumpolar  weather  drift,  as 
well  as  photographs  of  the  Bine  Hill  Observatory  connected  with 
Harvard  University,  where  the  sounding  of  the  ocean  air  by 
means  of  kites  has  been  carried  on  so  successfully  for  over  ten 
years,  and  the  new  Mount  W^eather  Observatory  of  the  L'nited 
States  Weather  Bureau,  of  which  so  much  is  expected,  developed 
the  general  theory  now  held  by  leaders  in  the  meteorological 
world  as  to  the  cause  of  variations  in  weather  and  climatic  con- 
ditions. 

Mr.  Watts  pointed  out  that  the  science  of  meteorology  was  on 
the  verge  of  a  great  advance ;  first  through  the  possibility  of  a 
general  daily  survey  of  pressures  the  world  over,  which  would 
allow  a  synoptic  chart  of  the  entire  northern  hemisphere  to  be 
made ;  and,  secondly,  through  clearer  understanding  of  the  rela- 
tion of  variations  in  the  sun's  radiation  to  seasonal  changes  in 
terrestrial  weather  and  climate. 

The  general  synoptic  chart  giving  pressures  for  the  northern 
hemispheres  naturally  would  be  the  first  step  toward  extending 
daily  forecasts  so  as  not  only  to  cover  twenty-four  hour  periods, 
but  forty-eight  hour  peri(jds  and  even  periods  of  a  week  or  more. 
This  would  be  possible  since  the  weather  drift  in  the  northern 
hemisphere  above  the  tropics  being  eternally  from  West  to  East, 
in  a  great  circumpolar  swirl,  the  position  of  storm-tracks  and 
their  intensity  depends  entirely  on  the  intensity  of  the  traxelling 
barometric  pressure  centres  interacting  with  variations  in  the  ex- 
tent, intensity  and  location  of  the  so-called  permanent  areas  of 
high  and  low  pressure.     Once  the  pressures  and  all  the  meteoro- 
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logical  elements  all  over  the  circumpolar  area  north  of  latitude 
30  are  known,  the  weather  to  the  eastward  of  any  given  condi- 
tion can  be  predicted  with  more  or  less  accuracy  for  several  days 
and  on  special  occasions  for  relatively  long  periods. 

For  instance,  a  more  accurate  knowledge  of  the  pressures  lying 
over  Siberia,  China,  the  mid-Pacific  and  Alaska,  in  connection 
with  the  pressures  over  India  and  Eastern  Europe,  would  enable 
one  to  make  very  much  more  accurate  forecasting  for  the  United 
States,  since  the  movement  of  the  traveling  areas  of  high  baro- 
metric pressures  (anti-cyclones)  and  low  barometric  pressures 
(cyclones) — the  two  eddies  into  which  the  general  circumpolar 
drift  breaks  up — eastward  over  the  United  States,  is  determined 
by  these  antecedent  conditions  lying  west  of  the  Pacific  Coast. 

The  subsequent  pathway  across  the  United  States,  and  later 
toward  Western  Eiu^ope,  is  due  to  a  further  interaction  with  the 
permanent  areas  of  high  pressure  lying  over  the  Atlantic.  And 
again,  the  extent  and  position  of  this  Atlantic  anti-cyclone  is  in 
tiu'n  a  resultant  of  the  interactions  of  pressures  furtiier  eastward. 
It  is  this  inter-dependence  of  pressures,  which  condition  weather 
the  world  over,  that  makes  a  synoptic  chart  of  the  whole  northern 
hemisphere  so  important  a  basic  condition  of  any  improvement 
in  weather  forecasting  for  periods  within  a  week  or  less. 

As  to  improvements  in  seasonal  forecasting,  with  anticipations 
of  the  climatic  ^•ariations,  which  are  such  constant  features  of  the 
"seasons  in  the  north  temperate  zone,  ]Mr.  Watts  showed  that  this 
long  range  forecasting  of  seasons  could  only  come  through  a 
study  of  the  variations  in  the  solar  radiations,  which  variation 
was  to  be  the  subject  of  research  at  the  superb  observatory  which 
the  United  States  is  building  on  the  top  of  the  Blue  Ridge  on 
Mount  Weather,  Virginia. 

The  speaker  said  it  must  be  clear  to  any  one  who  gave  the  mat- 
ter thought  that  if  the  sun's  radiant  output  were  a  constant,  with 
the  land  and  water  masses  of  the  earth  being  what  they  are  now 
from  all  historic  periods,  the  variation  in  climatic  conditions  from 
year  to  year  should  be  insig'nificant.  As  a  matter  of  fact,  how- 
ever, we  know  that  the  variations  are  often  of  an  extraordinary 
character.  In  any  one  given  year,  for  instance,  the  central 
regions  of  the  ITiited  States  might  experience  a  summer  of  ex- 
traordinary d.ryncss  and  intense  heat,  vrhile  the  next  year  the  very 
same  region  might  experience  a  cool  and  wet  summer  or  a  cool 
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and  (Irv  sunimer,  (tr  any  combination  possible  in  weather  con-, 
(litio!is. 

Mr.  Watts  pointed  out  that  the  h(jt  summer  type  was  due  en- 
tirely to  an  increase  of  the  pressures  in  the  sub-tropics,  south  of- 
thirtv  degrees  of  north  latitude.  A  summer  of  this  type  in  the 
L'nited  States  meant  a  strong  persistent  circulation  of  air  from 
the  South  with  the  interiors  baked  under  excessive  sunshine  and 
hot  sirocco  winds  which  have  been  known  to  blast  vegetation  in 
twelve  hours.  The  relation  of  such  contrasts  in  seasons  to  the 
solar  variations,  he  declared,  was  being  worked  out  by  a  number 
of  specialists,  among  them  being  Prof.  F.  H.  Bigelow,  of  the 
United  States  Weather  Bureau,  and  he  said  in  general  the  belief 
which  was  obtaining  credence  among  meteorologists  was  that 
not  only  must  the  variation  in  the  quantity  in  the  solar  radiation 
be  taken  into  account,  but  a  variation  in  the  quality,  in  the  mat- 
ter of  its  electrical  and  magnetic  as  well  as  mechanical  effects. 

The  way  in  whicli  the  solar  variations  affects  seasonal  changes 
is  seemingly  through  a  variation  of  the  intensities  of  the  sub- 
tropical i)ressures.  With  the  sub-tropical  pressures  strong  the 
south  to  north  circulation  tends  to  rule  the  northern  hemisphere, 
while  when  the  sub-tropical  pressures  are  less  intense  the  tendency 
is  for  the  north  to  south  circulation  to  be  more  insistent,  the 
paths  of  the  traveling  cyclones  and  anti-cyclones  coming  further 
South  in  both  the  winter  and  the  summer.  W'ith  C(3nsequently 
marked  Nariations  in  what  are  known  as  the  seasons  and  also 
marked  changes  in  the  local  weather  phenomena. 

Mr.  Watts  then  called  attention  to  the  character  of  the  research 
into  the  upper  levels  of  the  atmosjjhere.  which  play  an  important 
part  in  the  (|uestions  of  the  \ariation  of  pressures,  temperatures 
and  moisture  and  the  formation  of  rain  and  general  storm  and 
clear  weather  phenomena.  Pictures  of  the  kite  Hying  at  Blue 
Hill,  where  self-recording  instruments  were  carried  over  four- 
teen thousand  feet  in  the  air.  were  shown,  as  well  as  pictures  of 
the  balloons  used  at  Mount  Weather  for  sounding  the  air,  along 
with  pictures  of  the  Admitiistration  and  Magnetic  Buildings  now 
in  use  at  the  Mount  Weather  Observatory.  The  Magnetic 
Buildings  at  Mount  Weather  are  the  most  perfectly  equipped  in 
the  world,  I'l-of.  Willis  L.  Moore  having,  profited  by  the  ex- 
periences of  other  countries,  and  having  adopted  and  improved 
upon  the  instruments  in  use  elsewhere. 
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It  is  through  studying  the  \'ariations  in  the  magnetic  field  of  the 
sun,  along  with  the  physical  changes  going  on  there,  that  the 
correlation  between  changes  in  the  sun  and  changes  in  the 
weather  and  climate  on  the  earth  will  be  worked  out.  As 
things  went,  the  speaker  looked  for  a  great  advance  in  the 
solution  of  meteorological  problems  along  the  two  lines  laid 
down  by  him,  better  forecasting  for  short  and  long  periods  and  a 
firmer  grip  on  the  cause  of  variations  in  climate  from  year 
to  vear. 


TifE  Worth  Bros.  Company,  Coatesville,  Pa.,  recently  rolled  in  one  of 
it.s  plate  mills  eighteen  copper  ingots,  each  weighing  6300  I'bs.,  into  plates 
122K216V2  in.  and  63-100  in.  in  thickness.  These  plates  were  rolled  for  the 
Baldwin  Locomotive  Works,  Philadelphia,  Pa.,  and  are  the  first  plates  of 
that  kind  ever  rolled  by  the  company.  It  is  understood  that  they  will  be 
used  to  line  boilers  of  locomotives,  which  are  being  made  for  export  to 
France.  Eighteen  more  plates  of  the  same  size  will  be  rolled  at  an  early 
date  for  the  same  purpose.- — Iron  Age. 


The  construction  of  a  destroyer,  with  30,000  hp.  in  five  gas  engines,  each 
propelling  a  screw,  it  is  announced,  is  to  be  started  by  Lewis  Nixon,  fol- 
lowing the  lead  of  the  British  Government,  which  is  at  preseat  building  a 
destroyer  of  i8co  tons  displacement,  to  be  propelled  at  a  maximum  speed  of 
36  knots,  by  steam  turbines  of  30,000  hp.  The  maximum  speed  of  this  new 
vessel  it  is  said  will  be  33  knots,  while  it  is  announced  that  a  sufficient  quan- 
tity of  fuel  will  be  carried  to  enable  the  craft  to  cross  the  Atlantic  to  Eng- 
land at  a  speed  of  30  knots,  or  in  four  days.  The  great  difficulty  with  re- 
gard to  this  part  of  the  programme  is  based  upon  the  fuel  consumption  of 
the  engines.  J\Iany  destroyers  are  afloat  which  could  accomplish  this  feat 
were  only  this  phase  of  the  subject  absent.  It  is  stated  that  in  the  present 
case,  hovverer,  the  gas  engines,  which  are  each  of  6oco  hp.  (the  largest 
marine  gas  engine  heretofore  built  is  500  hp.)  will  be  so  economical  as  to 
make  possible  the  projected  transatlantic  trip  at  a  speed  greater  than  has 
ever  yet  been  deemed  possible. — Iron  Age. 


The  production  of  aluminum  in  the  United  States  in  1906  was  14.350,000 
pounds.  It  is  expected  that  the  output  in  1907  will  be  twice  as  much,  and 
that  the  output  of  1508  will  double  that  of  1907.  Aluminum  has  often  been 
spoken  of  as  a  possible  competitor  of  copper,  but  up  to  the  present  time 
its  production  has  been  too  small  to  make  it  a  m.atter  of  serious  considera- 
tion in  that  respect.  However,  it  appears  as  if  conditions  may  be  different 
by  1908.  Few  realize  that,  outside  of  iron,  steel  and  copper,  perhaps  no 
other  metal  has  the  possibilities  before  it  that  aluminum  has. — Eng.  and 
Min.  Journal. 
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Section  of  Physics  and  Chemistry. 

(Stated  Meeting  held  Thursday,  April  j^th,  i()0~.) 


A  New  Color  Meter. 

By  Fredkric  E.  Ives. 


It  has  lon^-  been  recognized  that  a  unixersal  color  meter, 
capable  of  nieasuriiii^'  all  colors  and  expressing  them  in  numeri- 
cal terms,  must  be  based  upon  the  principle  of  Clerk  Maxwell's 
"color  l)ox."  in  which  half  of  a  divided  field  is  illuminated  with 
ordinary  white  light,  while  the  other  half  is  illuminated  by  an 
adjustable  mixture  of  the  three  simplest  colors  of  the  spectrum, 
isolated  bands  of  pure  red.  green  and  blue-violet. 

Without  any  alter'atioai  Maxwell's  color  box  could  be  used 
for  measuring  the  colors  of  transparent  objects,  such  as  colored 
glasses  and  solutions.  ])laced  in  front  of  the  aperture  for  direct 
light,  but  it  is  not  adapted  for  the  measurement  of  the  colors 
of  opacjue  objects.  It  is  also  necessarily  a  large  and  clumsy 
instrument,  that  used  by  Maxwell  being  of  elbow  form,  several 
feet  in  length,  and  with  the  adjustments  for  taking  measure- 
ments of  a  complicated  character  and  (piitc  out  of  reach  of  the 
observer  at  the  eye  slit. 

Although  many  attempts  have  been  made  to  devise  a  color 
box  type  of  color  meter  to  meet  the  various  requirements  in 
the  industries,  not  one  of  them  has  ])roved  successful,  and 
manufacturers  ha\o  found  nothing  bettor  for  their  purpose 
than  a  "tintometer."  which  uses  |)urelv  arbitrarv  scales,  tlitter- 
ent  and  distinct  sets  of  which  are  made  for  a  large  number  of 
trade  uses. 

The  new  color  meter  is  a  direct  \ision  instrument,  the  bodv 
of  which  is  about  3x4x20  inches  in  si;^e.  with  all  the  ojicrating 
adjustments  controlled  b\-  screws  a  few  inches  from  the  e\e. 
.\  low  dispersion  grating  is  used  in  place  of  the  ])risms  in  Max- 
well's color  box,  and  the  field  is  so  divided  as  to  be  illuminat<?d 
throui-h    a    cenlial    slit    for    ordinarx-    liL-ht    on    one    side,    and 
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through  three  laterally  displaced  slits  for 
the  three-color  mixture  on  the  other, 
while  a  lens  ])laced  in  front  of  the  four 
slit  forms  an  image  of  external  objects 
which  looks  like  an  ordinary  single  tele- 
scopic image  divided  by  a  vertical  spider 
line  in  the  eyepiece.  The  image  in  the 
right  half  of  the  field  is  produced  in  the 
simplest  manner,  by  light  transmitted  by 
the  central  slit ;  the  image  in  the  left  half 
of  the  field  is  formed  by  mixture  of  rays 
transmitted  by  the  three  lateral  slits,  and 
in  using  the  instrument  as  a  telescope 
this  half  of  the  field  would  not  appear  il- 
luminated at  all  but  for  the  presence  of 
the  diffraction  grating,  which  bends  par- 
allel to  the  axis  blue-violet  rays  from  the 
first  lateral  slit,  green  from  the  second, 
and  red  from  the  third,  the  mixture 
matching  the  ordinary  white  of  the 
right  side  of  the  field. 

Assuming  that  the  instrument  is  di- 
rected to  a  surface  of  standard  white, 
o\'er  a  portion  of  which  is  placed  a  sheet 
of  colored  material  to  be  measured,  it 
will  be  evident  that  by  so  directing  the 
telescope  that  the  colored  object  fills  the 
right  field  just  up  to  the  dividing  line, 
the  left  field  can  be  made  to  match  it  both 
in  hue  and  luminosity  by  suitably  reduc- 
ing the  apertures  of  the  color  slits. 
These  slits  are  ruled  in  a  dividing  engine, 
through  an  opaque  film  on  glass,  covered 
for  protection  by  the  thinnest  micro- 
scope cover  glass,  and  closed  by  sliding 
brass  plates  which  are  controlled  by  mi- 
crometer screws.  Theoretically,  the 
slits  should  close  from  both  sides  to- 
wards the  middle ;  but  that  is  a  cpiite  un- 
necessary refinement  of  adjustment  for 
this  instrument.  Each  micrometer  screw 
head  carries  a  pointer  which  moves  over 
lOO   di\'isions    of   a   concentric    scale    to 


July,  igo/.]  A  New  Color  Meter.  49 

fully  close  or  open  the  respective  slit,  thus  reading  to  one  per 
cent.  The  scale  numbers  are  read  off  when  the  two  halves  of 
the  field  match  in  hue  and  luminosity,  and  recorded  as  50  R, 
20  G,  60  B,  or  whatever  it  may  be,  as  a  numerical  expression 
of  the  color  of  the  object. 

Should  the  shape  of  the  colored  object  be  irregular,  the  in- 
sertion of  a  thin  prism  in  front  of  the  central  slit  will  displace 
the  image  laterally  so  that  a  portion  at  some  distance  from  the 
edge  of  the  object  will  come  to  the  inner  edge  of  the  divided  field,, 
without  invading  the  color  mixture  half  of  the  field.  Very  small 
transparent  objects,  such  as  bits  of  colored  glass,  solutions  in  flat 
glass  cells,  etc.,  are  placed  directly  in  front  of  the  central  slit,  and 
thus  made  to  fill  the  right  field. 

The  use  of  a  grating  in  place  of  prisms  in  a  color  meter  is 
believed  to  be  quite  new.  By  no  other  means  would  it  be  pos- 
sible to  make  a  compact  direct  vision  instrument  with  a 
sharply  divided  field  in  which  one  half  of  an  image  formed  by  a 
single  objective  is  obtained  directly  through  laterally  displaced 
slits,  and  no  other  means  would  permit  of  such  simple  and 
convenient  mechanism  for  taking  the  measurements. 

The  obvious  objection  to  a  grating  is  that  the  conventional 
type  of  opacity  grating  throws  a  great  deal  more  light  into  the 
central  image  than  into  any  of  the  spectra,  and  as  only  one  of 
the  spectra  is  utilized  the  illumination  would  be  very  much 
more  feeble  than  with  a  prism;  but  it  is  not  necessary  to  use  a 
grating  of  this  type.  Thorp  demonstrated  the  possibility, 
though  not  the  commercial  practicability,  of  making  gratings 
which  throw  nearly  all  of  the  light  into  a  single  spectrum  on 
one  side,  and  the  writer  can  make  to  order  gratings  which 
throw  more  than  50  per  cent,  of  all  of  the  transmitted  light  into 
the  first  order  spectra.  It  is  a  grating  of  this  character  which 
is  used  in  the  new  color  meter,  with  entirely  satisfactory  results. 
Many  things  which  have  had  to  receive  careful  consideration 
may  be  best  understood  after  a  more  detailed  description  of  the 
perfected  instrument  and  its  operation  has  been  given. 

Fig.  I  is  a  vertical  plane  of  the  optical  part  of  the  diffractior^ 
color  meter.  A,  A^  is  a  line  drawn  through  the  optical  axis ; 
B,  is  the  central  slit  for  ordinary  light;  C,  D.  E,  the  lateral 
slits  for  blue,  green  and  red  spectrum  rays;  F.  the  grating, 
covering  half  of  the  field ;  G,  a  telescope  objective  which  forms 
Vol.  CLXIV.     No.  979  4 


50  Ives:  U-  F.  I., 

an  image  of  external  objects  and  backgroctnd  in  the^  divided 
field ;  H,  a  diaphragm  to  cut  light  from  the  central  slit  out  of 
the  half  of  the  field  covered  by  the  grating.  The  lens,  J,  is  of 
such  focal  length  as  to  exactly  parallelize  rays  from  the  central 
slit  B,  and  the  lens  K,  to  converge  them  to  the  eye  slit  at  L, 
from  which  the  field  is  seen  evenly  illuminated. 

The  slits  and  slit  mechanism  are  all  on  the  outside  of  the 
case,  and  adjusted  by  micrometer  screws  acting  on  levers,  con- 
veniently close  to  the  eye.  The  levers  are  short  and  rigid^ 
with  a  lateral  extension  and  support,  because  they  must  work 
'without  any  wobble  or  backlash.  The  obvious  metlhod  of  con>- 
struction  would  be  to  have  the  micrometer  screws  act  directly 
ftapon  the  slit  slides ;  but  that  would  bring  them  too  far  from 
^;the  e3^e  for  convenience  of  operation,  and  would  also  necessi- 
tate the  use  of  special  differential  scales.  The  use  of  levers 
permits  of  adjustment  for  different  total  apertures  by  simply 
sliding  the  micrometer  screw  mount  along  the  arm  of  the  lever, 
leaving  the  scales  all  alike.  These  advantages  are  of  such  im- 
portance that  although  I  at  first  experienced  great  difficulty  in 
devising  and  fitting  lever  movements  that  would  be  "dead 
beat,"  I  persisted  until  I  believe  I  have  achieved  perfect  suc- 
cess. 

Inasmuch  as  the  setting  of  the  slits  must  be  accurate  to  y-^ 
of  a  millimeter,  it  would  be  unreasonable  to  expect  such  fix- 
tures to  retain  their  adjustment,  and  provision  is  therefore 
made  for  quickly  testing  the  adjustment  and  perfecting  it  in  a 
few  seconds  if  it  proves  not  to  be  right  as  found.  This,  I  am 
convinced,  is  a  wise  provision  to  make,  whatever  the  character 
of  the  mechanism,  and  it  serves  in  this  case  to  permit  of  such 
important  reduction  of  cost  of  manufacture  as  might  very  well 
make  all  the  difference  between  success  and  failure  as  a  com- 
mercial proposition. 

The  slit  spacing  is  calculated  to  superpose  wave  lengths  43, 
53  and  66  on  the  image  of  the  central  slit  at  the  eye  slit,  when 
all  three  of  the  color  slits  are  half  closed ;  the  measurements  are 
therefore  made  in  definite  terms.  The  absolute  aperture  of  the 
open  slits  has  been  found  by  trial  and  error,  to  make  the  two 
halves  of  the  field  exactly  match  on  a  standard  background. 
This  is  necessary  because  the  extraordinarily  brilliant  gratin<, 
used   do   not   give   a  perfectly   normal   distribution   of   light 
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through  the  spectrum.  This  adjustment  having  been  made, 
a  position  was  found  for  the  bearing  of  the  respective  microme- 
ter screws  which  made  them  exactly  close  the  slits  when  the 
pointer  was  turned  fromi  100  to  o  on  the  attached  scales,  thus 
dividing  each  slit  opening  into  100  parts,  although  the  absolute 
opening  is  alike  in  no  two.  That  the  instrument  is  in  adjust- 
ment can  be  proved  by  several  experiments,  one  of  which  is  to 
partly  close  the  central  slit,  when  it  will  be  found  that  the  three 
pointers  must  be  turned  down  the  scale  equally  to  match  the 
white  or  lower  luminosity. 

If  the  color  meter  be  now  directed  to  a  house  across  the 
street,  a  single  image  will  appear  in  the  field,  with  a  vertical 
hair  line  division  through  the  center,  and  although  the  right 
half  of  this  image  is  formed  through  the  central  slit  and  the  left 
half  exclusively  by  rays  passing"  through  the  three  lateral  slits 
and  then  bent  parallel  to  the  axis  by  the  grating,  making  a 
mixture  of  red,  green  and  blue-violet  spectrum  rays  only,  at 
the  eye  point,  the  two  halves  of  the  field  may  appear  exactly 
alike  to  the  eye.  Directed  to  an  evenly  illuminated  standard 
w^hite  background,  the  two  halves  of  the  field  appear  exactly 
alike,  of  an  even,  neutral  white.  The  light  transmitted  by  the 
central  slit  to  the  right  half  of  the  field  is  matched  in  the  left 
half  by  s])eclrum  red  (R)  100,  spectrum  green  (G)  100,  and 
spectrum  blue-violet  (B),  100. 

If,  now,  that  part  of  the  background  which  covers  the  right 
half  of  the  field  is  covered  by  a  sheet  of  colored  paper,  certain 
kinds  and  quantities  of  the  colored  rays  filling  the  left  half  of 
the  field  must  be  cut  ofif  in  order  to  make  the  two  halves  match 
ag^ain,  and  the  quantity  remaining  is  a  measure  of  the  color 
and  luminosity  of  the  paper  in  terms  of  R,  G,  and  B  spectrum 
rays.  Assuming  that  the  scales  read  R  50,  G  20,  B  60,  this 
color  can  at  any  time  be  reproduced  by  pointing  the  color 
meter  at  a  standard  white  background  and  setting  the  indica- 
tors at  those  figures,  provided  that  at  the  time  it  is  done  all 
slits  exactly  close  by  turning  the  pointers  down  to  zero,  which 
can  l)e  determined  by  trial  in  a  few  moments.  If  it  is  now  de- 
sired to  see  if  a  new  sample  of  colored  paper  matches  the  old 
one,  which  meantime  may  have  been  lost  or  changed  color  by 
'fading  or  otherwise,  the  new  sample  is  placed  on  the  white 
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ground  so  as  to  appear  in  the  right  half  of  the  field,  and  any 
difiference  from  the  old  sample  will  be  at  once  apparent. 

There  is  an  aperture  in  the  case  at  the  left  of  the  eye  slit, 
through  which  the  three  color  slits  can  be  seen  directly,  and 
watched  while  opening  and  closing  to  see  that  the  movement  is 
smooth  and  that  they  close  exactly  alike  at  top  and  bottom, 
which  they  will  if  the  slit  slides  are  in  place  on  their  runners 
and  the  slit  fingers  have  not  been  bent.  The  best  way  to  test 
the  accuracy  of  their  setting  for  zero  is  to  turn  two  of  the 
pointers  past  the  zero  point  (by  lifting  over  the  stop)  to  secure 
am  absolute  cut  ofY  of  light  from  the  respective  slits,  then  turn 
the  remaining  screw  while  looking  through  the  eye  slit.  The 
field  should  just  go  black  when  the  pointer  is  turned  down  to 
zero,  and  then  show  a  trace  of  light  when  turned  up  two  di- 
visions on  the  scale.  If  it  does  not,  hold  the  pointer  to  zero 
and  adjust  by  turning  (with  a  screw  driver)  the  inside  pin  screw. 
Test  the  other  two  slit  adjustments  in  the  same  way.  The  ad- 
justment may  stand  true  all  day,  but  temperature  changes  are 
liable  to  affect  it.  The  image  of  the  central  slit  must  also  fall 
exactly  in  the  middle  of  the  eyepiece  slit.  This  can  be  de- 
termined by  looking  at  the  eye  slit  through  a  small  magnifier, 
provided  for  this  purpose,  and  if  readjustment  is  necessary  it  is 
effected  by  a  slight  lateral  displacement  of  the  eyepiece  slit. 

A  point  which  may  be  noted  about  the  reading  is  that  the 
difference  between  the  highest  scale  number  and  loo  represents 
black,  and  the  difference  between  the  lowest  scale  number  and 
zero  represents  white.  Thus  the  reading  R  50,  G  20,  B  60, 
indicates  40  per  cent,  black  and  20  per  cent,  white,  degrading  a 
hue  which  is  three  parts  of  red  to  four  of  blue.  While  consid- 
erations of  this  nature  are  interesting,  and  have  their  uses, 
the  simple  numerical  expression  R  50,  G  20,  B  60,  serves  every 
purpose  for  record  and  reproduction. 

While  the  description  which  I  have  given  will  doubtless  serve 
to  make  the  operation  of  the  new  color  meter  sufficiently  clear, 
the  subject  is  far  from  being  exhausted,  and  I  cannot  close 
without  discussing  briefly  some  other  pertinent  matters. 

In  the  first  place,  in  order  to  make  measurements  having  a 
high  degree  of  precision,  the  spectrum  colors  with  which  the 
measurements  are  made  must  be  taken  from  the  right  places  in 
the  spectrum,  and  in  sufficiently  narrow,  isolated  bands.     This 
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is  determined  by  the  focal  leng-th  of  the  coHimating  lens,  the 
•dispersion  of  the  grating,  the  spacing  of  the  shts,  the  width  of 
the  color  slits,  and  the  width  of  the  eye  slit.  In  this  instru- 
ment, the  spectra  at  the  plane  of  the  eye  slit  are  nearly  one  cm. 
long,  and  so  pure  that  the  Fraunhofer  D.  E.  and  F  lines 
look  sharp  under  a  two  and  a-half  inch  magnifying  glass  when 
the  R  slit  is  one-third  open,  and  the  G  and  B  slits  half  open. 
Practically,  therefore,  the  degree  of  purity  and  isolation  of  the 
spectrum  colors  depend  chiefly  upon  the  width  of  the  eye  slit, 
•which  determines  how  wide  bands  of  the  substantially  pure 
spectra  shall  enter  the  pupil  of  the  eye.  The  eye  slit  is  i  m.m. 
w'ide,  and  therefore  pretty  sharply  defined  bands  of  spectrum 
•color  are  utilized,  each  not  much  more  than  one-tenth  as  wide 
:as  the  entire  spectrum.  In  determining  a  standard  for  this 
:adjustment.  two  factors  had  to  be  taken  into  account,  namely, 
aperture  of  field  and  luminosity  of  image, — the  first  on  account 
of  the  yellow  spot  in  the  retina,  and  the  second  because  the  il- 
lumination may  be  either  too  weak  or  too  intense  to  favor  a 
Iiigh  degree  of  accuracy  in  making  observations.  The  shorter 
the  focal  length  of  the  field  lens,  the  larger  angle  the  field  sub- 
tends to  the  eye,  and  the  smaller  the  spectra  projected  at  the 
•eye  slit.  The  smaller  the  spectra  at  the  eye  slit,  the  narrower 
that  slit  must  be  made  to  secure  a  given  degree  of  purity  of 
spectrum  hue.  The  narrower  the  eye  slit,  the  feebler  the  il- 
lumination. If  the  field  subtends  too  small  an  angle  to  the  eye, 
too  much  of  the  image  falls  upon  the  yellow  spot  of  the  retina, 
which,  while  it  is  the  best  part  of  the  eye  for  distinct  vision,  is 
-comparatively  insensitive  to  peacock  blue  spectrum  rays,  and 
makes  a  high  degree  of  accuracy  of  measurement  out  of  the 
•question,  especially  as  this  yellow  spot  varies  greatly  in  size 
■and  depth  of  color  in  different  individuals.  The  image  on  the 
retina  must  be  large  enough  to  cover  a  considerable  area  out- 
side the  yellow  spot,  and  this  is  first  of  all  provided  for.  If  the 
illumination  is  too  feeble,  the  sense  of  color  is  not  suificientlv 
excited,  as  w^itness  colored  objects  seen  by  moonlight.  If  the 
illumination  is  too  intense,  it  destroys  the  sensitiveness  of  the 
retina  ;  and  this  is  so  far  true  that  Sir  William  Abney  requires  a 
rest  of  the  eyes  in  darkness  for  some  minutes  before  making 
eye  tests  with  his  color  patch  apparatus.     With  six-inch  focus 


54  Ives:  [J-  ^-  ^r 

field  lens,  i^  in.  in  diameter,  and  i  m.m.  eye  slit,  the  field  is 
large  and  well  illuminated. 

In  short,  to  meet  practical  requirements,  certain  compro- 
mises have  to  be  made ;  and  if  they  are  made  intelligently,  with 
a  full  comprehension  of  the  nature  and  relative  importance  of 
all  the  factors  involved,  the  result  will  be,  and  in  this  case  is 
believed  to  be,  worthy  of  acceptance  as  a  permanent  standard. 

The  analysis  colors  must  be  just  pure  enough  so  that  the 
purest  reds,  greens  and  blues  that  are  met  with  in  the  arts  and 
industries  can  be  perfectly  matched, — the  deepest  ruby,  green 
and  cobalt  glasses,  and  deep  shades  of  the  most  brilliant  coal 
tar  dyes,  particularly  the  violet  purples.  There  was  no  diffi- 
culty about  the  purest  blues  and  greens  that  could  be  obtained, 
but  in  order  to  match  certain  reds  and  aniline  violets  I  had  to 
take  my  red  slit  further  towards  the  end  of  the  spectrum  than 
would  be  necessary  with  a  narrower  eye  slit,  and  then  to  make 
the  red  slit  wider  than  the  others  in  order  to  make  a  white  of 
the  mixture.  The  practical  efficiency  of  the  combination 
finally  adopted  was  proved  by  careful  tests  with  coal  tar  colors 
in  combinations  adjusted  to  show  narrow  transmission  bands  in 
the  spectroscope,  but  not  until  the  slit  fingers  had  been  very  ac- 
curately fitted  and  the  inside  of  the  case  specially  lined  and  dia- 
phragmed  to  prevent  any  scattered  light  from  reaching  the 
grating. 

The  theoretically  higher  degree  of  accuracy  which  might  be 
attained  by  sacrificing  all  considerations  of  commercial  expedi- 
ency would  therefore  never  be  detected  in  using  the  instrument 
for  those  purposes  for  which  it  is  designed,  and  for  which  it  is 
certainly  far  more  accurate  than  any  device  which  involves  the 
multiplication  of  reflecting  surfaces  to  secure  increased  absorp- 
tion. In  this  connection,  it  may  be  pointed  out  that  two  pieces 
of  pot  colored  glass,  the  sum  of  whose  thickness  is  two  m.m., 
have  not  the  same  value  as  one  piece  two  m.m.  thick,  and  the 
diffraction  color  meter  will  measure  the  difference  by  several 
degrees  of  scale. 

Admitting  that  one  of  these  instruments  is  calculated  to 
meet  every  practical  requirement,  there  remains  onlv  the 
question  whether  exact  duplicates  of  it  can  be  made  with  cer- 
tainty, so  that  there  shall  be  no  doubt  about  the  readings  of  dif- 
ferent instruments   being  alike.     The   gratings   are   all   casts 
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from  one  original,  exactly  alike,  permanent  and  unchangeable. 
The  slits  are  ruled  on  a  standard  make  of  dividing  engine,  with 
definite  settings  and  feeds,  and  are  also  exactly  alike,  perma- 
nent and  unchangeable.  Other  parts  are  made  to  gauge,  and 
the  only  thing  that  would  be  likely  to  introduce  any  error  is 
want  of  uniformity  in  the  focal  length  of  the  lenses  used. They 
are  made  to  order  and  supposed  to  be  alike;  if  they  are  not, 
and  the  error  is  small,  it  suffices  to  see  that  the  extension  of  the 
eyepiece  is  right  to  make  the  image  of  the  slit  and  spectra 
focus  exactly  on  the  plane  of  the  eye  slit,  and  wave  lengths 
43.  53  and  66  from  the  color  slits  v^^ill  then  superpose  in  the 
middle  of  this  slit,  as  required. 

It  is  necessary  to  state  that  because  there  is  a  perceptible 
change  of  luminosity  of  each  analysis  color  in  passing  from  one 
edge  of  the  eye  slit  to  the  other,  the  field  must  be  viewed  with 
the  eye  slit  crossing  the  pupil  of  the  eye  centrally.  This  is  in- 
sured by  bringing  the  eye  back  to  a  point  where  the  right  and 
left  edges  of  the  field  are  slightly  and  equally  cut  off  from  view 
by  the  edges  of  the  slit. 

There  is  still  one  other  point  which  I  must  touch  upon, 
though  very  briefly,  and  that  is  the  relative  facility  and  ac- 
curacy with  which  different  individuals  may  be  expected  to 
make  color  measurements  with  the  instrument.  Much  will,  of 
course,  depend  upon  the  practice,  but  after  a  few  hours'  prac- 
tice pretty  accurate  measurements  should  be  made  and  verified 
by  repetition  in  from  one  to  five  minutes,  provided  that  the 
operator  has  normal  color  vision.  Color  blindness,  even  in 
small  degree,  is  fatal  to  accuracy.  Even  the  normal  eye  is 
very  much  more  sensitive  to  percentage  changes  in  some  hues 
than  others,  and  it  is  well  to  know  that  small  errors  are  apt  to 
occur  by  reason  of  such  known  facts  as  that  two  per  cent,  of  any 
color  may  be  added  to  a  perfectly  neutral  white  without  being 
recognized  as  color.  Such  limitations  are  introduced  by  the 
eye,  and  may  not  be  charged  up  against  the  color  meter. 

The  purest  colors  can  be  matched  the  quickest.  For  in- 
stance, a  Very  deep  and  pure  red,  obtained  by  combining 
screens  of  aniline  violet  and  yellow,  is  matched  by  closing  the 
blue  and  green  slits  completely,  and  then  moving  the  "red" 
pointer  down  the  scale  until  the  luminosities  match.  It  can  be 
done  with  considerable  precision  in  four  or  five  seconds.     On 


56  Notes  and  Comments.  [J-  F-  !•» 

the  other  hand,  if  the  red  is  of  a  shg-htly  orange  hue  and  at  the 
same  time  not  of  very  high  luminosity,  it  is  difficult  to  get  ex- 
actly the  right  minute  proportion  of  green  and  make  both  hue 
and  luminosity  match.  Pale  shades  of  purple  reds  are  rather 
difficult,  balancing  the  red  and  blue  with  just  the  right  amount 
of  green  and  in  the  right  quantities  to  match  both  hue  and  lum- 
inosity. All  kinds  of  greens,  blues  and  yellows,  strong  or 
weak,  are  comparatively  easy  to  match. 

Something  should  be  said  about  standard  white  back- 
grounds, but  I  have  not  yet  done  much  with  that  part  of  the 
subject,  and  will  now  merely  state  that  for  transparent  objects 
nothing  could  be  better  than  a  sky  background  when  it  is 
raining  or  foggy. 

In  conclusion,  I  would  point  out  that  the  same  instrument, 
with  sunlight  or  electric  arc  focussed  exactly  on  the  eye  slit, 
becomes  a  perfect  projection  color  patch  apparatus,  much 
more  convenient  than  anything  heretofore  used  for  that  pur- 
pose. I  have,  however,  devised  a  modification  still  better 
adapted  for  that  particular  purpose,  with  increased  illumination 
by  use  of  both  right  and  left  spectra,  and  this  device  will  be  the 
subject  of  another  paper. 


STRAWBOARD  WASTE. 


A  recent  publication  of  the  United  States  Geological  Survey  that  should 
have  v/ide  circulation  in  the  States  where  strawboard  is  manufactured  is 
a  paper  entitled  "The  Prevention  of  Stream  Pollution  by  Strawboard 
Waste."     The  author  is  Mr.  Earle  Bernard  Phelps. 

The  total  wa«;te  discharge  into  the  streams  in  1900  amounted  to  10,2.39,- 
710,000  gallons  of  liquor,  containing  184,777,382  pounds  of  straw  and  min- 
eral matter  and  77,191,660  pounds  of  lime.  This  enormous  waste  was  dis- 
charged by  fifty-nine  plants  of  various  sizes,  but  as  most  of  these  mills 
are  along  small  streams  the  resultant  pollution  is  very  apparent. 

Experiments  conducted  in  the  Sanitary  Research  Laboratory  and  Sew- 
age Experiment  Station  of  the  Massachusetts  Institute  of  Technology  show 
that  93  per  cent,  of  the  suspended  organic  solids  and  98  per  cent,  of  the 
total  suspended  matter  determined  as  turbidity  can  be  removed,  after  a 
short  period  of  sedimentation,  by  filtration  of  the  liquor  through  sand, 
without  coagulants.  The  present  method,  that  of  sedimentation  in  large 
fields,  is  pronounced  unsatisfactory,  expensive,  and  based  on  a  wrong  prin- 
ciple. The  sludge  resulting  from  the  sedimentation  tanks  is  declared  in- 
nocuous after  being  pressed.  It  is  said  to  make  good  soil  ^nd  to  have 
some  value  as  a  fertilizer. 
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riiis  paper  aims  to  gi\e  a  statement  of  xVx  i)rop;:frties  claimed 
to  helonj^  to  the  X  rays,  the  Xj  rays,  the  physioloi;^ical  rays  and 
the  heavy  emission,  with  a  history  of  theMnvestii^ations  and  of 
the  decline  of  l)ehef  in  the  existence  of  tliese  rays. 

In  brief  the  X  rays  were  l)e]ieved  to  increase  the  hrightness  of 
an  already  himinons  phosphorescent  calcium  sulphide  screeii  on 
which  they  fell,  while  on  the  other  hand  the  X,  rays  lessened  its 
hrii^litness.  1  Jarring'  certain  ditYerences  of  penetrating^  power, 
the  physio]o«;ical  ra}s  seemed  ahout  the  same  as  the  X  rays.  The 
heavy  emission  was  held  to  consist  of  streams  of  matter  ejected 
from  objects,  such  as  metals  and  licpiids,  and  to  he  acted  on  hy 
the  attraction  of  the  earth.  It.  too.  made  the  phosphorescent 
screen  brij^^hten.  Still  another  type  of  rays,  the  X^  ravs.  has  been 
discussed  by  a  sinj^le  writer.  IJreydel.''"* 

Blondlot  discoxered  the  X  ra\'s.  the  \,  rays  and  the  hea\  \- 
emission;  Charpentier  discovered  the  physiolojj^ical  ravs.  .Ml 
were  first  observed  in  Xancy.  It  is  from  the  name  of  this  uni- 
versity town  that  the  letter  X  is  taken  as  a  desij^nation. 

In  the  account  now  to  follow  results  will  be  (|Ui»ted  at  the 
valuation  of  the  iuvestig'ators.  Xo  attempt  will  be  made  to 
a\<)i(l  contradiction  of  ])roperties  claimed.  Because  of  their  simi- 
larity it  will  be  im])ossible  alwa\s  to  distinguish  sharply  between 
the  N  rays  and  the  physiological  ravs. 

"Niiniorals  ;il)<)Vi-  tlu'  liiu-  rcUr  (n  the  iuiml)crs  of  papers  in  the  t)ibli- 
ii,urai)hy  at   the   eml  m|'  tl«s   article. 
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In  190J  (Paris,  C. — R.  Acad.  sci..  134.  p.  1559,  June  30. 
1902,)  Blondlot  published  his  observation  that  the  brij^htness  of 
a  very  small  spark  increases  when  X  rays  fall  upon  the  spark 
ga;).  During  the  latter  half  of  the  same  year  he  determined,  as 
he  thought,  the  speed  of  the  X  rays,  reaching  the  conclusion  that 
they  are  propagated  in  different  media  with  the  speed  of  light  in 
air.  His  method  depended  upon  noting  changes  in  the  bright- 
ness of  a  small  spark,  and  was  therefore  somewhat  subjective  in 
nature.  In  pursuance  of  this  line  of  work,  tliere  appeared  on 
February  2,  1902.  a  paper  by  him.  with  the  title.  "Sur  la  ix)larisa- 
tion  des  rayons  X."-*'  It  marks  the  beginning  of  N  ray  litera- 
ture, though  it  contains  no  word  about  N  rays. 

The  previous  endeavors  to  polarize  the  X  rays  had  failed. 
Blondlot  proposed  to  himself  to  determine  whether  they  are  al- 
ready polarized  when  emitted.  He  saw-  that  the  kathode  ray  and 
the  resulting  X  ray  fix  a  plane.  Either  in  this  plane  or  else  per- 
pendicular to  it  the  X  rays  might  have  special  properties.  In  his 
search  for  lack  of  symmetry  he  tried  the  small  spark  of  his  pre- 
vious investigations  in  various  positions,  and  was  led  to  conclude 
that  "The  little  spark  plays  the  part  of  analyzer.  The  beam  of 
X  rays  has  the  same  symmetry  as  a  beam  of  polarized  light.'" 
Moreover  quartz  and  sugar  w^ere  found  to  rotate  the  plane  of 
polarization  both  of  light  and  of  the  X  rays  in  the  same  direction. 

Three  weeks  later  he  states  that  polarized  light  acts  on  the 
spark  just  as  the  X  rays  do.  (Paris,  C. — R.  Acad.  sci.  136,  p. 
487,  Feb.  23,  1903).  A  month  later  he  reverts  to  the  X  rays,  and 
finds  that,  by  transmitting  them  through  a  sheet  of  mica,  elliptical 
polarization  is  produced,  the  tiny  spark  still  serving  as  analyzer. 
This  means  double  refraction  in  the  mica,  and  a  fortiori  simple 
refraction.  A  quartz  prism  was  found  to  deviate  the  beam,  and 
a  lens  of  the  same  substance  to  give  a  sharply  defined  image  of 
the  anti-kathode  from  which  the  rays  came.  Polished  glass  re- 
flected the  beam  regularly,  while  ground  glass  diffused  it.  These 
facts  of  reflection  and  refraction  proved  that  the  rays  in  question 
were  not  X  rays.  Blondlot  therefore  felt  justified  in  calling  this 
paper  "Sur  une  nouvelle  espece  de  lumiere."-' 

The  index  of  refraction  for  quartz  was  calculated  to  be  about  2. 
Rubens,  for  his  very  long  wave-lengths,  had  found  the  value  2.18. 
The  nearness  of  these  two  quantities  suggested  to  Blondlot  that 
his  new  ravs  mipht  also  be  emitted  from  the  Welsbach  mantle, 
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which  served  Rubens  as  a  source  of  radiation.  In  his  first  paper 
in  May,  1903,  he  announces  that  this  is  in  fact  the  case.-**  Be- 
hind a  quartz  lens  four  foci  were  found,  corresponding  to  these 
indices  of  refraction  2.93,  2.62,  2.44  and  2.29.  The  rays  acting- 
for  an  hour  on  a  photographic  plate  produced  no  effect,  but  a 
difference  was  got  between  the  two  effects  obtained  by  letting  the 
light  of  a  small  spark  act  on  the  plate  once  with  the  rays  falling 
on  the  spark  gap  and  again  without  them. 

A  study  of  transmission  through  many  substances  was  made. 

Later  in  the  same  inonth  Blond lot^^  found  still  other  sources, 
of  his  rays  in  a  luminous  gas  flame  and  in  a  sheet  of  iron  or  of 
silver  heated  by  a  flame.  A  heated  sheet  of  polished  silver  gives 
off  plane  polarized  rays.  A  covering  of  soot  increases  the 
emission  but  destroys  the  polarization.  In  this  paper  their  dis- 
coverer formally  designates  the  rays  by  the  letter  }i.  This  was 
subsequently  changed  to  N. 

Thus  far  the  only  known  effect  of  the  new  rays  was  the  bright- 
ening of  a  small  spark.  Blondlot  now  found  that  they  made  a 
small  blue  gas  flame  more  luminous  and  white.  He  recommends 
examining  the  blurred  image  of  the  flame  cast  on  a  sheet  of  ground 
glass.  A  third  effect  was  discovered  in  the  brightening  of  an 
already  luminous  calcium  sulphide  screen  on  which  the  X  rays 
fall.  This  became  the  favorite  means  of  observation.  If  the 
screed  is  not  already  luminous,  the  X  rays  do  not  make  it  so. 

Blondlot  ventures  the  opinion  that  his  rays  lie  in  wave-length 
between  the  shortest  electromagnetic  waves  and  the  longest  of 
Rubens. 

In  the  following  month,  June,  1903,  the  X  rays  formed  the 
subject  of  editorials  in  the  Electrical  World  and  Engineer'-"^"  and 
in  the  Electrician  of  London. -^^  The  latter  says:  "It  is  very 
strange  that  other  physicists  have  not  taken  up  this  pregnant  sub- 
ject. Their  lethargy  contrasts  curiously  with  the  rush  made  for 
the  Roentgen  rays  in  1896."  But  three  days  afterwards  another 
])hysicist,  Sagnac,'^**  did  take  up  the  subject,  though  from  the 
theoretical  and  not  from  the  experimental  side.  He  discussed 
r.londlot's  observation  of  four  foci  behind  a  quartz  lens  and  con- 
cluded that  three  of  them  are  merely  maxima  due  to  diffraction 
of  waves  of  length  o.j  mm.  It  is  to  be  noted  that  this,  the  first 
criticism   of   Blondlot's    results,    is    from   the   pen    of   a    fellow- 
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countryman.  Sagnac,  however,  utters  no  doubt  concerning  the 
actual  existence  of  the  rays  he  discusses. 

In  the  issue  of  Comptes  Rendus  containing  Sagnac's  article, 
Blondlot"^"  announces  that  there  are  N  rays  in  sun-light.  They 
appear  to  have  the  same  properties  as  those  from  other  sources. 

In  July,  1903,  but  one  paper  on  the  N  rays  appeared.  In  this 
Blondlot^^  states  that  when  platinum  is  heated  to  a  dark  red  by 
the  electric  current  or  by  a  flame,  it  is  made  brighter  by  focussing 
upon  it  a  beam  of  N  rays.  Sensitive  tests  showed  no  rise  of  tem- 
perature caused  by  these  rays.  This  was  confirmed  by  Rubens 
'also.    Hot  platinum  was  found  to  transmit  the  rays. 

At  the  Versammlung  detitscher  Naturforscher  und  Arzte  in 
'Cassel  in  Sept.,  1903,^''^  Kaufmann  of  Bonn,  Donath  of  Berlin, 
Classen  of  Hamburg,  with  Rubens  and  Drude,  all  acknowledged 
failure  in  their  endeavors  to  repeat  Blondlot's  experiments.  The 
testimony  of  Rubens  was  especially  significant  because  he  had  re- 
ceived from  Blondlot  advice  as  to  experimental  arrangements. 

November,  1903. — After  a  long  silence  Blondlot^^  resumed  the 
publication  of  his  investigations.  A  band  of  white  paper,  faintly 
illuminated,  was  found  to  appear  brighter  and  to  have  sharper 
outlines  when  a  beam  of  N  rays  fell  upon  it.  When  an  illum- 
inated slit  was  seen  reflected  from  a  polished  knitting  needle, 
u]3on  which  N  rays  fell,  the  image  darkened  and  turned  reddish 
when  the  rays  were  cut  off.  A  bronze  mirror  acted  in  the  same 
way.  When  N  rays  fall  normally  upon  a  polished  quartz  surface 
they  have  no  influence  upon  light  reflected  at  any  angle  of  in- 
cidence from  the  same  surface.  N  rays  coming  through  quartz 
affect  the  image  formed  by  reflection  at  the  surface  through  which 
they  emerge. 

There  seems  to  be  no  action  of  the  N  rays  on  refracted  light. 
The  Nernst  lamp  without  a  glass  globe  is  given  as  a  source  of 
strong  N  rays. 

A  week  later  Blondlot^^  announced  that  many  substances  after 
having  been  exposed  to  N  rays  will  themselves  emit  this  radia- 
tion for  some  time.  This  storage  effect  resides  in  the  mass  and 
iiot  merely  on  the  surface. 

In  his  last  paper  for  this  month^^  he  states  that  N  rays  reach- 
ing the  eye  from  any  direction  increase  the  brightness  and  sharp- 
ness of  outline  of  feebly  illuminated  surfaces.  Since -water  had 
been  found  to  be  opaque  to  N  rays  it  excited  his  surprise  that  they 
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could  traverse  the  liquids  of  the  eye.  Since  these  liquids  con- 
tain dissolved  salts  the  reason  became  clear,  when  experiment 
showed  that  the  addition  of  a  small  quantity  of  salt  to  water 
caused  it  to  transmit  the  rays.  Salt  water  also  stores  the  rays. 
Similarly  the  eye  of  a  steer  proved  transparent  to  them  and 
showed  the  storage  effect. 

December-,  1903. — Acting  upon  a  suggestion  taken  from  the  re-, 
searches  of  Charpentier,  as  yet  unpublished,  Blondlot^"  made  the 
discovery  that  wood,  glass,  caoutchouc,  etc.,  while  compressed 
emit  N  rays.  If  an  observer,  looking  at  a  barely  visible  white 
clock  face  in  a  darkened  room,  bends  a  cane  before  his  eyes,  he 
sees  the  dial  become  white,  only  to  darken  again  when  the  cane  is 
released.  Such  observations  led  to  trying  whether  bodies  in  a 
permanent  state  of  molecular  strain  do  not  also  send  out  the  rays. 
PVince  Rupert  drops,  tempered  steel,  hammered  brass,  melted 
sulphur  with  crystalline  structure,  all  proved  to  be  spontaneous^ 
and  permanent  sources  of  the  emission.  A  file  or  a  pocket  knife 
caused  the  calcium  sulphide  screen  to  light  up.  A  steel  tool  was. 
active  when  tempered,  but  was  without  effect  when  the  temper 
was  removed.  A  knife  from  a  grave  of  the  time  of  the 
Merovingians  emitted  the  rays  even  after  a  dozen  centuries  of 
existence.  Permanently  deforming  metals  causes,  an  emission 
of  the  N  rays  for  a  few  minutes  at  most.  Torsion  produces  the 
same  effect  as  compression. 

On  Dec.  14,  1903,  the  first  paper  by  Augustin  Charpentier^'^ 
appeared.  He  has  published  more  papers  than  Blondlot  himself 
upon  the  subject  under  consideration.  He  was  the  discoverer  of  • 
the  physiological  rays.  The  La  Craze  prize  in  physiology  was 
awarded  to  him  in  1901  by  the  Academy  of  Sciences,  in  Paris,  to, 
the  Comptes  Rendus  of  which  body  he  contributed  more  than 
fifty  papers. 

In  this  paper  Charpentier"^  announces  the  startling  discovery 
that  a  barium  platino-cyanide  screen,  made  luminous  by  radium, 
grows  brighter  when  brought  near  to  the  human  body,  especially 
to  a  nerve  or  nerve  center  in  activity  or  to  a  contracted  muscle. 
The  course  of  a  superficial  nerve  could  be  traced  by  means  of  the 
screen,  and  the  outlines  of  the  heart  were  obtained.  Aluminium, 
paper  and  glass  transmitted  the  rays.  They  are  reflected  and  re- 
fracted, real  foci  being  formed  by  a  glass  lens.     It  .seemed  that  a 
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new  method  for  physiological  examination  had  been  brought  to 
light. 

In  a  paper  two  weeks  later  Charpentier"^  claims  that  hares  and 
frogs  emit  his  rays.  The  possibility  of  explaining  the  effect  on 
the  screen  by  the  action  of  heat  was  excluded  in  the  case  of  the 
frog  whose  temperature  was  below  that  of  the  screen.  In  an- 
other trial  the  screen  was  heated  above  the  temperature  of  the 
body  and  yet  the  brightening  occurred. 

Tendons  stretched  by  the  muscles  gave  no  effect.  Pressing  a 
nerve  increases  its  effect  on  the  screen.  Nerves,  and  especially 
nerve  centers,  are  better  radiators  than  muscles. 

N  rays  in  sun  light  cause  a  glow  worm  and  phosphorescent 
bacilli  to  grow  brighter.  When  a  person  speaks  a  screen  held 
near  the  center  of  articulate  language  in  the  brain  lights  up. 
Mental  effort  was  thought  to  affect  the  screen. 

In  a  paper  in  Paris,  C. — R.  soc.  biol.,  for  Christmas,  Charpen- 
tier^"  recounts  about  the  same  results  as  those  given  previously  in 
his  first  paper  of  this  month  and  in  his  second  in  Paris, 
C. — R.  Acad.  sci.  This  marks  the  appearance  of  the  physio- 
logical rays  in  this  periodical,  in  which  altogether  about  a 
score  of  papers  bearing  on  the  subject  appeared.  Most  of  them 
are  practically  the  same  in  content  as  other  papers  by  the  same 
authors  in  Paris,  C. — R.  Acad.  sci. 

On  Dec.  28,  1903,  Paul  Audollent  ^^"^  submitted  to  the  Acad- 
emy of  Sciences  a  claim  with  respect  to  the  emission  of  radiation 
from  most  natural  bodies  of  priority  against  Charpentier.  With- 
in a  short  time  a  similar  claim  was  made  by  Kohler,  Baraduc,^^^ 
Darget,-^*^  Galtier,-^^  Huter,^^^  and  others.  The  matter  was 
referred  to  D'ArsonvaP-®  who  reported  in  April,  1904,  that 
Charpentier  had  not  claimed  to  originate  the  idea  that  besides 
heat  radiation  there  are  other  radiations  from  the  body.  The 
idea  is  in  fact  centuries  old  as  is  proved  by  the  belief  in  the  pic- 
tures of  mystic  painters,  the  fluid  of  magnetizers  and  the  od  of 
Reichenbach.  Most  of  the  claimants  got  their  results  by  photo- 
graphy, none  by  the  phosphorescent  screen. 

Dubois^^^  claimed  Charpentier's  results  to  be  confirmatory  of 
results  which  he  obtained  as  early  as  1885,  viz, — that  living  or- 
ganisms can  emit  radiation  capable  of  producing  fluorescence. 

S.  G.  Brown^^^  states  that  he  independently  discovered  phos- 
phorescent zinc  sulphide  to  brighten  in  the  vicinity  of  the  human 
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body.     At  first  he  thought  it  due  to  an  unknown  radiation,  but 
further  examination  convinced  him  that  heat  was  the  cause. 

At  this  time  begins  that  series  of  papers  recording  failure  to 
obtain  Blondlot's  results,  suggesting  sources  of  error  and  indicat- 
ing explanations  of  the  phenomena  claimed  to  be  observed  that 
did  not  cease  until  the  entire  group  of  rays  was  discredited. 

Zahn '*''"*  tried  in  vain  to  detect  the  effect  of  the  N  rays  by 
measuring  the  resistance  of  a  selenium  cell  illuminated  first  by  a 
small  flame  alone,  and  then  by  the  flame  while  X  rays  were  fall- 
ing upon  it.  Xor  could  he  see  any  dift'erence  m  the  flame  under 
the  two  conditions. 

Lmnmer^'-  called  attention  to  the  circumstances  of  Blondlot's 
experiments, — small  faintly  luminous  surfaces  regarded  in  the 
dark, — as  exactly  such  as  would  favor  a  shifting  of  the  retinal 
image  from  a  part  of  that  organ  where  it  fell  upon  cones  to  an- 
other part  containing  rods,  with  resulting  change  of  color  and 
luminosity,  and  of  sharpness  of  outline.  He  records  Ruben's 
failure  to  see  any  change  of  brightness. 

January,  1904. — This  month  saw  the  corps  of  investigators  in 
the  field  of  the  new  rays  increased  by  the  addition  of  E.  Meyer,*-"* 
who  claimed  to  find  N  rays  emitted  by  the  flowers,  leaves  and 
sprouts  of  plants.  The  effect  was  lessened  when  chloroform 
vapor  acted  on  the  plant.  A  second  new  worker  was  Mace  de 
Lepinay*-*  who  announced  tliat  solids  in  sonorous  vibration  and 
even  the  air  in  vibration  emit  rays  that  brighten  the  phosphores- 
cent screen.  Lambert""  was  a  third.  He  found  N  rays  to  ap- 
pear in  several  cases  of  artificial  digestion.  Above  each  of  two 
photographic  plates  an  equal  patch  of  CaS  was  placed.  Over  one 
was  put  a  tube  in  which  artificial  digestion  was  in  progress. 
When  developed  the  two  images  were  not  of  the  same  intensity. 

Blondlot^'  published  a  memoir  on  the  dispersion  of  the  N  rays 
and  on  their  wave-lengths.  A  prism  of  aluminium  gave  eight 
refracted  rays,  detected  by  the  CaS  screen,  of  indices  ranging 
from  1.04  to  1.85.  Seven  conjugate  foci  were  found  behind  an 
aluminium  lens.  These  last  gave  indices  agreeing  well  with  those 
obtained  by  using  the  prism. 

To  get  the  wave-lengths  each  of  the  eight  refracted  rays  was 
made  to  fall  in  turn  on  a  refraction  grating  and  a  system  of 
fringes  obtained  as  in  the  case  of  light.  Thus  wave-lengths  were 
found  ranging  from  .00815/^  to  .0176  // .     These  values  were 
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confirmed  by  a  study  of  the  Newton's  rings  in  N  rays.  Contrary 
to  what  holds  for  Hght  waves  the  wave-lengths  and  the  indices- 
of  refraction  of  N  rays  increase  together.  It  will  be  noticed  that 
the  small  value  of  the  wave-lengths  given  in  this  paper  is  in  de- 
cided contrast  to  Blondlot's  as  well  as  to  Sagnac's^^^  previous  es- 
timate. 

Blondlot's  method  here  has  been  severely  criticized  by  the  only 
two  papers  of  importance  coming  from  the  American  continent. 
Schenck^**  shows  that  some  of  the  eight  beams  found  behind  the 
prism  must  have  overlapped,  and  that  the  diffraction  fringes  were 
not  to  be  believed  in  as  they  must  have  beeia  lacking  in  definition. 
He  also  sharply  criticizes  the  Newton's  rings  experiment. 

Wood^^^  noted  that  a  beam  of  N  rays  2  or  3  mm.  wide  was^ 
said  to  give  after  refraction  a  band  only  a  part  of  a  millimeter  in 
width.  When  he  removed  the  prism,  it  made  no  difference  in  the 
location  of  the  refracted  rays  by  the  uninformed  observer.  When 
the  prism  was  placed  by  Wood  with  its  refracting  edges  now  to* 
one  side,  now  to  the  other,  in  none  of  three  trials  was  the  ob- 
server correct  in  determining  its  position  from  the  direction  of  the 
refracted  rays. 

Charpentier^*^'^*  resumes  his  work  by  indicating  certain  differ- 
ences between  the  varieties  of  physiological  radiation  and  the  N 
rays.  Neither  lead  nor  water  stops  the  former,  while  aluminium, 
transparent  to  the  N  rays,  partly  stops  rays  from  the  brain.  It  is^ 
however  partly  transparent  to  rays  from  the  heart,  the  diaphragm 
and  other  muscles,  though  not  to  radiation  from  nerves.  Pres- 
sure has  a  greater  effect  upon  nerves  than  upon  muscles  in  mak- 
ing the  emission  greater.  A  third  difference  between  muscles- 
and  nerves  is  that  the  latter  produce  a  greater  effect  on  a  warmed 
phosphorescent  screen. 

Later  in  the  month*^^  he  brought  out  a  new  method  of  observ- 
ing his  rays.  A  small  copper  plate  is  fixed  at  the  end  of  a  wire 
of  the  same  metal,  90  cm.  long.  At  the  other  end  is  the  phos- 
phorescent screen.  When  the  human  body  is  opposite  the  plate 
the  screen  lights  up,  indicating  transmission  of  the  radiation 
through  the  wire.  N  rays  are  transmitted  in  the  same  way.  This- 
contrivance  was  admirably  suited  for  investigation. 

In  a  paper  of  the  same  date  in  another  periodical  Charpentier*^^ 
takes  up  the  effect  of  mental  effort.  An  observer  looks  at  a 
screen  placed  in  front  of  the  forehead  of  a  person  seated.     The- 
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latter  changes  his  mind  from  rest  to  activity  or  vice  versa  with- 
out the  observer's  knowing  it.  At  each  change  a  variation  of  the 
brightness  of  the  screen  follows.  Change  from  thought  to  re- 
pose causes  dulling;  the  reverse  change,  brightening. 

Bohn'''**  uses  the  X  rays  to  explain  certain  actions  of  a  nereid. 
When  the  worm  is  in  salt  water,  it  swims  while  in  the  light  but 
walks  in  the  shadow.  In  fresh  water  the  sensibility  to  light  is 
less.  This  may  be  connected  with  fresh  water  being  less  trans- 
parent to  the  N  rays  than  is  salt  water. 

This  month  it  is  Swinton^^*^  who  reports  failure.  He  attributes 
the  results  which  others  obtained  to  physiological  processes  not 
operative  in  all  persons. 

February,  igo^. — In  the  course  of  the  month  Blondlot  pub- 
lished three  papers.  In  the  first  ^^  he  describes  how  he  registered 
photographically  the  effect  of  his  rays  in  making  a  small  spark 
brighter.  This  will  be  discussed  at  length  later  in  this  paper. 
In  the  second^'^  he  tells  of  the  discovery  in  the  radiation  from  a 
Nernst  lamp  of  a  new  kind  of  rays,  designated  the  N^  rays,  which 
lessen  the  brightness  of  a  luminous  phosphorescent  screen.  He 
determined  the  wave-lengths  of  three  kinds  of  these  lays  by  re- 
fraction through  an  aluminum  prism  and  subsequent  diffraction. 
Stretched  bodies  emit  the  Nj  rays.  They  are  stored  as  are  the 
N  rays.  In  his  third  paper'*'^  he  states  that  N  rays  increase  the 
emission  of  light  at  right  angles  .to  a  CaS  screen,  but  lessen  the 
tangential  emission,  while  N^  rays  act  in  the  opposite  manner 
for  both  angles.  Sonorous  vibrations,  the  magnetic  field,  and  an 
electro-motive  force  act  as  do  the  N  rays. 

Charpentier  contributed  five  papers  this  month.  He  states'*^ 
that  the  N  rays  increase  the  sensitives  of  vision,  smell,  taste  and 
hearing. 

Glass  and  wood  were  found  to  conduct  the  N  rays.  Trans- 
mission was  effected  through  a  wire  10.5  in.  long  in  13  sees.  CaS 
is  a  source  of  N  rays,  when  phosphorescing.**"  N  rays  acting  upon 
certain  portions  of  the  skull  caused  an  increase  of  brightness  or 
of  sharpness  of  outline.  \\'hen  N  rays  fall  upon  a  part  of  the 
spinal  column  the  pupil  dilates. ^'^  The  remaining  two  papers  are 
of  about  the  same  content  as  those  already  quoted. ^'^•^'^ 

Charpentier  in  conjunction  with  E.  Meyer^^^"  studied  the  effect 
of  inhibition  upon  the  emission  of  the  physiological  rays. 
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E.  Meyer^^^-'^''  found  that,  even  when  plants  are  kept  in  the 
dark,  they  emit  N  rays. 

The  Hst  of  papers  for  this  month  shows  several  new  names. 

Bagard^  determined  the  rotation  of  the  plane  of  polarization 
of  all  eight  wave-length  of  the  N  rays  while  traversing  alumin- 
ium and  CS2  in  a  magnetic  field.  As  was  to  be  expected  from  the 
smallness  of  the  wave-lengths,  the  effect  was  much  larger  than 
with  light.  All  varieties  of  the  N  rays  were  completely  polarized 
•by  reflection  from  glass. 

t  Ballet^  contributes  a  study  of  the  emission  of  N  rays  in  cer- 
tain pathological  cases.  In  paralysis  there  is  a  diminution  of 
emission  in  some  cases,  while  the  opposite  result  was  found  in 
others.  After  death  muscles  cease  to  act  on  the  screen,  while 
nerves  continue  to  exert  their  effect,  gray  matter  being  more 
active  than  white.  He  says  he  took  care  to  avoid  the  effects  of 
speaking,  temperature,  change  of  accommodation  and  auto-sug- 
gestion. 

Bichat,  dean  of  the  Faculty  of  Sciences  in  the  University  of 
Nancy,  presented  three  papers.  He  explains  the  transmission  of 
N  rays  through  a  wire  as  due  to  successive  internal  reflections.^^ 
This  effect  he  regards  as  similar  to  the  passage  of  a  beam  of  light 
along  a  curved  jet  of  w'ater. 

He  formed  the  spectrum  of  the  N  rays  and  then  examined  the 
absorption  of  each  of  the  eight  resulting  rays  by  glass  and  several 
metals.  Silver  was  found  to  be  transparent  to  all,  while 
palladium,  nickel  and  iridium  were  opaque  to  all.  Lead,  copper, 
zinc,  gold  and  glass  transmit  some  rays  and  absorb  others.^** 
Wires  of  the  metals  were  found  to  transmit  only  those  rays  for 
which  they  were  transparent. 

Liquified  gases  were  found  to  emit  N  rays.^'^  Jegou'^"*  de- 
tected the  emission  of  N  rays  by  a  wire  conveying  an  electric  cur- 
rent. When  the  circuit  of  a  Leclanche  cell  was  closed,  the  liquid 
stored  the  rays  and  became  an  energetic  source. 

Richet^^^  studied  the  effect  of  the  rays  emitted  by  phosphores- 
cent calcium  sulphide  upon  lactic  fermentation.  There  seemed 
to  be  in  reality  an  effect,  but  the  investigator  noted  that  other 
causes  as  well  as  N  rays  w^ere  possible. 

Gutton^'''^'^'^^'^^^'^^^'^^^  examined  the  effect  of  magnetic  field? 
upon  the  phosphorescent  screen.  A  uniform  field  of  constant  in- 
tensity had  no  effect,  but,  if  the  intensity  changed  with  time  or  if 


July,  1907.]  Literature  of  the  N  Rays.  67 

the  field  was  not  uniform,  the  screen  brightened.  Any  action 
tending-  to  set  up  in  the  screen  an  induced  E.  M.  F.  made  it 
brighter.  He  claims  to  have  detected  the  magnetic  effect  of  con- 
vection currents  by  the  screen.  A  magnet  encased  in  lead  to  cut 
off  the  N  rays  caused  faintly  illuminated  surfaces  to  appear 
brighter,  when  it  was  brought  near  the  eye. 

W'alsham  and  ]Miller'^'^  in  a  letter  to  the  Lancet  confirm  Char- 
pentier's  chief  results  as  to  rays  from  muscles  and  nerves.  ^lore- 
over  they  got  photographic  results  with  the  screen  which  they  in- 
terpreted as  showing  the  brightening  effect.  This  letter  is  fol- 
lowed by  a  brief  editorial  confirmation  of  their  results,  which 
indeed  had  been  expressed  in  the  issue  of  the  Lancet  for 
the  preceding  week.-^^-*^" 

Burke^^"  reports  his  failure  to  get  X  ray  effects.  Swinton^^^ 
now  finds  it  easy  to  get  some  effects,  so  easy  in  fact  that  he  is  led 
to  attribute  the  result  to  heat.  NageP^^  reported  to  the  Berlin 
Ophthalmological  Society  his  complete  failure  in  endeavoring  to 
repeat  the  experiments  of  Blondlot  and  Charpentier. 

March,  1904. — Lambert  resumes  his  work  on  the  production  of 
N  rays  by  digestive  ferments.  ^^^  He  also  examines  the  X  ray 
activity  of  an  electric  cell  after  the  passage  of  the  current  and  finds 
it  due  to  chemical  processes  in  the  cell.  Osmotic  processes  and 
diffusion  make  the  screen  to  grow  brighter."" 

Mace  de  Lepinay^^-  states  that  a  CaS  screen  viewed  normally 
grows  brighter  when  sonorous  vibrations  are  produced,  while  to 
one  viewing  it  tangentially  it  appears  darker.  He  thus  confirms 
both  his  own  previous  observation  and  that  of  Blondlot. ^'^-^-^ 
This  was  his  last  contribution  to  the  subject.  Within  a  few 
months  his  death  occurred. 

BaganP  measured  the  rotation  of  the  plane  of  polarization  by 
several  active  substances,  cane  sugar,  tartaric  acid.  etc..  and  found 
rotation  in  both  directions  to  occur. 

A  comparison  of  the  effects  of  heat  and  of  the  X  rays  up<^n  the 
ph(Xsphorescent  screen  was  made  by  Blondlot.*^ 

Xo  less  than  seven  papers  are  this  month  due  to  Ci.arpentier. 
He  finds  additional  sources  of  rays  in  compressed  caoutchouc,  ice 
near  zero,  iodide  of  silver,  bent  ivory  and  celluloid,  in  the 
biceps  muscle  striving  in  vain  to  contract. ''-•'*'*"'^^  He  notes  a 
difference  in  the  effect  of  an  X  ray  source  according  to  its  condi- 
tion of  rest  or  motion.     The  X,  rays  diminish  the  sensations  of 
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sight,  hearing,  smell  and  taste.     He  verified  the  effect  of  the  N 
rays  in  rendering  the  sense  of  hearing  more  aciite."^'**^'*** 

When  the  screen  rests  on  the  fingers  it  lights  up  upon  the  ap- 
plication of  an  N  ray  source  to  the  hand  or  arm  or  to  the  surface 
of  the  body.  If  the  screen  is  near  the  heart  it  grows  brighter 
when  the  source  is  applied  to  the  pneumogastric  nerve  in  the 
neck.  Smell  and  vision  are  helped  when  the  source  acts  on  the 
hand.  The  effects  of  the  N^  rays  are  transmitted  in  about  the 
same  way.     It  appears  that  the  nerves  transmit  the  rays  as  wires 
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The  alkaloids  and  chloral  emit  considei'^ble  ciuantities  of  N 
rays.'^'^"  Their  action  on  the  phosphorescent  screen  is  re- 
enforced  by  the  presence  of  some  other  source  of  N  rays.  In  this 
case  the  joint  action  is  greater  than  the  sum  of  the  two  separate 
actions.  When  a  screen  was  employed  consisting  of  a  patch  of 
CaS  upon  a  thicker  layer  of  alkaloid  it  was  found  that  different 
parts  of  the  body  produced  varying  degrees  of  brightness  in  the 
screen,  and  that  the  effect  of  any  part  of  the  body  depended  upon 
the  particular  alkaloid  used.  That  part  of  the  body  producing  a 
maximum  effect  upon  an  alkaloid  screen  is  the  one  upon  which 
the  alkaloid  produces  its  toxic  effect.  For  example  a  digitalin 
screen  is  especially  bright  near  the  heart. 

Charpentier  and  E.  Meyer  extend  their  previous  study  of  in- 
hibition, finding  N^  rays  also  to  be  emitted. ^"^^ 

According  to  Ballet^  the  N  rays  can  be  used  for  diagnosis.  A 
CSo  screen  is  less  bright  against  a  sick  muscle  than  against  a  well 
one.  By  the  same  means  one  kind  of  paralysis  can  be  distin- 
guished from  another.  He  found  the  rays  to  be  given  off  by  the 
bodies  of  dogs  the  day  after  death. 

The  paper  bearing  the  names  of  Ballet  and  Delherm^  is  not 
very  different  from  Ballet's  paper  of  Feb.  22,  1904.^ 

In  1900  de  Hemptinne  had  looked  for  an  effect  of  a  homo- 
geneous magnetic  field  upon  CaS  and  other  phosphorescing  sub- 
stances, but  to  no  purpose.  After  the  publication  of  Gutton's 
work^^^'^^^'^^^'^^^'^^^  he  tried  the  effect  of  non-homogeneous  fields 
on  calcium  sulphide  and  again  found  no  difference. ^^^  He 
modestly  attributes  his  failure  to  a  subjective  effect,  to  a  lack  of 
sensitiveness  of  his  eyes  or  to  some  peculiarity  af  his  specimen 
of  Ca  S. 
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Hooker^ ^-  wrote  to  the  Lancet  confirming  the  effect  of  vegeta- 
tion in  making  the  screen  brighter. 

On  the  other  side  Swinton  contributes  two  more  letters^^^'^®^ 
reiterating  his  lack  of  success,  and  emphasizing  a  possible  ex- 
planation by  heat  effects.  Like  de  Hemptinne  he  fails  to  get 
•Gutton's  results  with  a  magnetic  field.  Walsham  and  Miller 
■reply  to  him.^**^ 

In  answer  to  the  various  English  criticisms  Blondlot  addressed 
•a  letter  to  the  Electrician,  London. '^^  He  relates  that  Mascart, 
President  of  the  Academy  of  Sciences,  and  Cailletet  came  to 
Nancy  to  see  his  experiments.  "They  saw  and  repeated  them  them- 
selves, they  determined  themselves  the  deviations  of  the  N  rays, 
"by  a  prism  of  aluminium,  and  the  focussing  of  them  by  an  alumin- 
ium lens,  they  observed  the  fringes  produced  by  gratings,  New- 
ton's rings,  etc.  They  did  not  show  the  least  doubt  in  the  exist- 
ence of  the  N  rays.  M.  Mascart  took  away  w^th  him  a  double 
photograph  taken  in  his  presence  or  rather  with  his  cooperation." 

"A  few  days  later  I  was  visited  by  M.  J.  Becquerel  who  ob- 
••served  without  difficulty  the  N  rays  phenomena,  and  who  pro- 
posed in  parting  to  follow  up  the  study  of  some  of  them." 

"I  may  add  that  I  have  not  published  one  single  experiment 
"which  had  not  been  repeated  by  several  colleagues  and  also  by 
"persons  not  acquainted  with  scientific  research  work.  I  have 
•encouittered  but  three  or  four  persons — out  of  a  great  number — 
"who  were  not  able  to  observe  the  phenomena." 

Rudge  reported  his  inability  to  repeat  Blondlot's  experi- 
ments.'*'^ In  a  communication  already  referred  to  Schenck'^* 
•of  McGill  University  says  that  he  obtained  no  certain  results 
with  the  CaS  screen.  Dift'erences  of  brightness  were  noticed 
which  might  have  l)een  due  to 

1.  Decay  of  phosphorescence. 

2.  Obliquity  of  angle  of  vision. 

3.  Increase  of  sensitiveness  of  eye  in  the  dark 

4.  Heat  effect. 

It  was  (luring  this  month  of  March,  1904.  that  apparatus  for 
N^  ray  experiments  was  put  upon  the  market.  The  manufacturer 
was  Leslie  Miller,  London.  He  descril^es  his  apparatus  in  a  let- 
ter to  the  Electrician.*^^  It  consisted  of  a  hard  rubber  rod  carry- 
ing at  one  end  a  circular  box  of  the  same  material,  4  cm.  in  di- 
ameter.    The  front  of  this  was  closed  by  a  strong  plano-convex 
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lens  with  the  convex  side  outward.  On  the  back  of  the  lens  was 
a  patch  of  Ca  S  about  .35  cm.  in  diameter.  In  contact  with  this 
was  a  brass  plate  to  which  was  attached  a  flexible  wire  passing 
out  through  the  back  of  the  box  and  ending  in  a  small  disc  of 
metal.  Upon  this  the  N  rays  were  supposed  to  fall  and  then  tc^ 
pass  along  the  wire  to  the  phosphorescent  substance. 

Several  sets  of  this  apparatus  were  imported  into  America. 
The  advertisement  in  Nature  spoke  as  follows  of  this  apparatus : 
"By  means  of  the  above  instrument  it  is  guaranteed  that  the  chief 
N-ray  (possibly  'heat')  effect,  discovered  by  A.  Charpentier,. 
can  be  clearly  demonstrated,  including  transmission  by  wire. 
The  objective  existence  of  the  rays  can  be  proved  by  placing  the- 
instrument  on  a  book  of  any  thickness,  in  a  room  so  dark  that  an 
operator's  arm  cannot  possibly  be  seen  and  asking  an  observer  to- 
say  when  the  wrist  is  brought  beneath  the  book."  "In  box  with 
transmission  wire,  magnesium  ribbon,  etc.,  price  £1,  i,  o." 

April,  1904. — This  month  falls  far  behind  all  the  previous 
months  of  the  year  in  the  production  of'N  ray  literature. 

Charpentier'^^'^"  announces  the  discovery  that,  if  the  extract  of 
an  organ  of  the  body  be  interposed  between  a  phosphorescent 
screen  and  the  organ  itself,  the  screen  is  brighter  than  in  the  ab- 
sence of  the  extract.  This,  he  claims,  will  make  it  possible  to 
adopt  a  special  screen  to  the  study  of  each  organ. 

According  to  Colson^^-  if  a  Ca  S  screen  is  put  near  a  test  tube 
containing  Zn  S  O4  solution  into  which  K  O  H  solution  is  poured,, 
the  screen  grows  less  luminous,  indicating  N^  rays.  However,. 
if  the  tube  contains  K  O  H  solution  into  which  Zn  S  O4  solution 
is  poured,  no  change  of  the  screen  follows.  Blondlot  verified 
these  observations.  The  difference  of  results  is  attributed  to  the 
formation  of  a  basic  sulphate  in  the  first  arrangement. 

Still  another  member  of  the  faculty  of  the  University  of  Nancy- 
joins  himself  to  the  corps  of  experimenters  in  the  field  of  the 
Blondlot  rays.  Julien  Meyer^-^  finds  stretched  glass  or  copper 
and  vacuum  tubes  to  be  sources  of  N^  rays.  They  have  greater 
penetrating  power  than  N  rays.  They  are  stored,  refracted  and 
diffracted. 

Munro^^^*^  wrote  to  the  Lancet  to  suggest  the  study  of  the 
emission  of  N  and  N^  rays  from  the  body  as  a  test  of  death. 
The  accompanying  editorial  note  indicates  doubt.^^^  Miller,^^* 
on  the  contrary,  is  confident  that  he  can  tell,  by  means  of  the 
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phosphorescent   screen,   when   a   man   brings   up   his   hand   and 
stretches  his  muscles  behind  a  cardboard  screen  in  a  dark  room. 

McKendrick  and  Colquhoun^"  make  pubhc  their  faihire  in 
striving  to  repeat  Blondlot's  experiments.  They  suggest  heat, 
certain  physiological  actions  and  an  attitude  of  expectancy  as 
factors  in  the  results  obtained. 

Hertzian  waves,  according  to  Gutton,^"^  cause  a  Ca  S  screen  to 
brighten.  By  this  means  he  verified  polarization  and  reflection. 
Similar  effects  were  got  witli  feebly  illuminated  ground  glass. 

.l/(/v,  1904. — In  this  month  the  studies  of  Charpentier  are  con- 
tinued by  seven  papers.  He  used  the  N  rays  to  measure  the- 
wave-length  of  oscillations  set  up  in  the  nerve  of  a  frog  by  brief 
electrical  excitation.  By  this  method  even  overtones  were 
found. '''••'^  The  conclusion  was  drawn  that  the  vibrations  are 
longitudinal."''-'^  The  dessicated  bodies  of  frogs  continue  to  emit 
N  rays  for  several  riionths  after  death. ''^ 

A  screen  consisting  of  an  odorous"  substance  with  Ca  S  was 
found  to  be  especially  sensitive  to  radiation  from  the  olfactory 
centers,  and  a  small  incandescent  lamp  co\'ered  with  black  paper 
with  a  patch  of  the  phosphorescent  sulphide  responded  to  rays 
from  the  visual  centers. '^'^'"^ 

Chrome  alum,  according  to  Colson,^"^  dissolving  in  cold  water 
produces  N  rays;  but  dissolving  rapidly  in  boiling  water  it  de- 
velops N,  rays  of  such  strength  as  almost  to  darken  the  screen. 
Those  chemical  actions  which  cause  the  Blondlot  rays  are  always 
attended  by  physical  effects  such  as  contraction,  cooling,  etc. 

Lambert  and  E.  Meyer^^"  conclude  that  N  rays  diminish  the 
protoplasmic  activity  of  seed. 

In  the  same  issue  of  the  Paris.  C. — R.  Acad.  sci.  two  new 
workers  in  the  N  ray  field  appeared.  Andre  Broca''^  and  Jean 
Becf|uerel,^  the  son  of  Henri  Becquerel  and  a  scientist  of  the 
fnurtli  generation  in  his  illustrious  family. 

The  former*'^  gives  the  details  of  construction  of  a  sensitive 
Ca  S  screen,  whose  brightness  is  constantly  changing  when  it  is 
moved  over  the  cranium.  Along  with  Zimmern*"'"'  he  examined 
the  emission  from  the  spinal  cord  and  obtained  some  apparently 
valuable  information  about  the  genito-spinal  and  vcsico-spinal 
centers.  In  old  ])e()ple  the  nervous  centers  are  less  active  than  in 
the  y«Hing,  as  judged  by  the  effect  on  the  screen. 

Bv  Bec(|ucrcr  it  was  fcnmd  that  bv  anrcsthetics  such  as  chloro- 
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form  and  ether  vapor  and  laughing  gas  the  emission  of  N  rays  is 
suspended.  After  the  removal  of  the  vapor  the  rays  are  emitted 
once  more.  Previously  E.  Meyer^^^  had  observed  that  chloro- 
form vapor  caused  plants  to  cease  to  emit  N  rays. 

In  Becquerel's  next  paper^  he  investigates  the  cause  of  the  in- 
creased brightness  of  feebly  illuminated  surfaces  under  the  in- 
fluence of  N  rays.  When  a  Ca  S  screen  on  which  N  rays  fall  is 
viewed  through  pure  water  it  appears  no  brighter  than  without 
the  rays.  The  substitution  of  salt  water,  however,  causes  the  cus- 
tomary brightening  to  occur.  This  leads  him  to  suggest  that  the 
N  rays  are  the  cause  of  no  increase  in  the  light  emitted  by  the 
screen,  but  that  having  been  absorbed  by  it  they  are  again  emitted 
and  accompany  the  light  rays  to  the  eye  whose  sensitiveness  they 
increase.  The  same  may  happen  with  dimly  lighted  paper  or 
with  a  metal  mirroring  an  object. 

Blondlot^*^  had  found  that  a  phosphorescent  surface  acted  on 
by  N  rays  looks  brighter  when  the  line  of  vision  is  normal  to  the 
surface,  but  duller  when  viewed  tangentially.  Becquerel'*  takes 
up  this  phenomenon  and  locates  the  cause  in  the  normal  emission 
of  N  rays  and  the  tangential  emission  of  N^  rays,  after  the  body 
has  been  exposed  to  N  rays.  After  exposure  to  N^  rays  the  kind 
of  emission  is  reversed  with  respect  to  that  just  stated.  He  at- 
tributes the  radiation  of  both  N  and  Nj  rays  to  molecular  move- 
ments existing  in  bodies  in  a  state  of  deformation  or  of  molecular 
transformation.  Examining  the  wave-lengths  determined  by 
Blondlot  he  divides  them  into  two  series.  The  members  of  the 
first  set  are  close  multiples  of  2.9  fi  fi;  for  the  second  set  4.9 
plays  something  of  the  same  role. 

After  an  interim  of  three  months  the  name  of  Bichat^^  reap- 
pears at  the  head  of  a  paper  discussing  fluctuations  in  a  phos- 
phorescent screen.  These  were  found  to  be  caused  by  many 
phenomena. — movements  of  air,  convection  currents,  the  pres- 
ence of  a  tube  of  gas  or  of  the  human  body.  The  fluctuations 
seem  to  him  a  delicate  index  of  any  kind  of  change.  Chloroform 
vapor  stops  them. 

In  a  second  paper--  he  announces  the  results  of  his  study  of 
the  storage  of  the  Blondlot  rays.  The  body  under  investigation 
was  put  in  the  path  of  the  eight  rays  formed  by  dispersing  the 
N  rays  by  means  of  an  aluminium  prism.  Platinium,  silver  and 
aluminium  gave  no  secondary  radiation,   but  copper,   zinc  and 
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glass  did.  The  secondary  radiation  followed  the  law  of  Stokes  in 
having  a  longer  wave-length  than  the  absorbed  rays. 

J.  Meyer^^"  found  that  the  vapors  of  ether  and  chloroform 
diminish  the  emission  of  Nj  rays  from  stretched  wire  and  an  in- 
candescent lamp  bulb,  though  the  vapors  themselves  emit  the 
rays.  It  had  already  been  noticed  by  E.  Meyer^^^  that  chloro- 
form lessened  the  emission  from  plants.  With  Broca  Becquerel^^ 
examined  the  effects  of  anaesthetics  on  the  emission  of  the 
Blondlot  rays  from  the  brain  and  spinal  cord.  At  first  the  brain 
in  anaesthesia  emits  strong  N  rays ;  later  N^  rays  appear.  The 
spinal  cord  shows  less  effect  than  the  brain.  These  authors  sug- 
gest the  study  of  the  rays  in  order  to  determine  the  danger  point 
in  the  administration  of  anaesthetics  and  as  an  evidence  of  death. 

It  was  the  polarization  of  the  N  rays  and  their  speed  which 
were  determined  in  his  early  work,  Blondlot^'^  now  concludes, 
though  he  originally  held  the  X  rays  to  be  concerned.  "The  N 
rays  are  entirely  analogous  to  light,  from  which  they  differ  only 
in  their  wave-length,  which  is  much  shorter." 

On  May  17,  1904,  Hackett^^^  read  a  paper  in  Dublin  on  the 
photometry  of  the  N  rays.  Intervals  of  several  weeks  elapsed 
between  series  of  his  experiments  and  yet  concordant  results  were 
obtained.  As  sources  of  N  rays  he  used  substances  under  strain, 
such  as  compressed  wood  or  cork,  tempered  steel  and  unannealed 
glass.  The  increase  of  sharpness  of  outline  of  a  diaphragm 
placed  in  front  of  a  phosphorescent  screen  was  the  eft'ect  he  em- 
ployed in  his  experiments.  When  a  source  of  N  rays  was 
brought  up  behind  the  screen  the  outlines  of  the  diaphragm  grew 
more  distinct.  When  the  source  was  removed,  the  diaphragm 
reverted  to  its  former  appearance.  It  was  then  shifted  toward 
the  observer  until  it  appeared  as  it  did  when  under  the  action  of 
the  X  rays.  From  the  distances  in  the  two  cases  the  percentage 
of  increase  of  brightness  produced  by  the  X  rays  was  calculated. 
His  results  were  as  follows. — unannealed  glass,  10%  :  com- 
l)ressed  cork,  9%  ;  tuning-fork  in  vibration.  S^c  ;  silent  tuning- 
fork,  3%.  By  this  method  the  smallest  change  of  brightness 
that  could  be  detected  was  3%. 

In  another  method  two  similar  phosphorescent  screens  with 
similar  diaphragms  wire  adjusted  with  respect  to  the  observer 
until  the  outlines  of  the  two  diaphragms  appeared  e(|ually  dim. 
Next  otie  screen  was  subject  to  the  X  rays  and  the  second  screen 
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was  moved  nearer  the  eye  until  it  again  matched  the  first.  "The 
observer  may  be  ignorant  of  what  screen  is  being  influenced  by 
the  rays,  but  he  will  have  no  doubt  which  screen  is  the  brighter." 
W'hile  confident  of  the  effect  of  the  N  rays  in  making  the  screen 
brighter,  Hackett  failed  to  obtain  many  of  the  other  effects. 

(To  be  Continued^ 


FUTURE  SUPPLIES  OF  CONNELLSVILLE  COKE. 

The  Connellsville  Courier  for  February  7  says:  The  coking  coal  of  the 
Connellsville  and  Lower  Connellsville  regions  is  practically  all  taken  up. 
With  the  exception  of  a  few  odds  and  ends  the  Connellsville  region  is  now 
all  under  operation,  and  these  odds  and  ends  are  about  to  be  cleaned  up.  The 
big  purchases  recently  made  in  the  Lower  Connellsville  region  and  the 
plans  for  their  immediate  development  leave  little  available  coal  land  in  that 
region.  At  the  present  rate  of  consumption  both  these  regions  will  be 
practically  worked  out  within  the  next  quarter  of  a  century,  if  not  sooner. 
Even  the  Latrobe  or  Upper  Connellsville  field  and  the  Greensburg  basin 
adjoining  are  now  imder  active  operation  and  will  last  scarcely  as  long  as 
the  two  other  fields. 

The  problem  of  a  first-grade  coke  supply  for  the  iron  and  steel  trade 
would  be  serious  if  it  were  not  for  the  fact  that  exhaustive  tests  have 
demonstrated  that  there  is  another  big  field  of  coking  coal  lying  adjacent 
to  the  Lower  Connellsville  field,  known  to  the  trade  as  the  Greene  county- 
field.  It  covers  the  greater  portion  of  Greene  county  and  extends  westward 
almost  to  Wheeling.  The  same  measures  extend  northward  almost  into 
Washington  county  for  a  limited  distance  and  involve  a  small  area  of  that 
county.  Tests  of  the  Greene  county  coal  show  it  to  be  possessed  of  the 
same  characteristics  as  the  Lower  Connellsville  coal,  the  product  of  which 
is  now  classed  with  Connellsville  coke.  The  Greene  county  field  is  in  fact 
a  continuation  of  the  Lower  Connellsville  field  westward,  averaging  8  to  9 
feet  in  thickness  with  a  maximum  thickness  of  11  feet  on  Dunkard  creek. 

It  is  to  the  Greene  county  field  that  the  iron  and  steel  interests  of  the 
country  are  looking  for  their  future  supplies  of  furnace  and  foundry  fuel. 
The  H.  C.  Frick  Coke  Company  has  already  purchased  some  3,000  acres  in 
Monongahela  and  Greene  townships,  and  a  company  has  taken  up  quite  a 
body  of  coal  on  Muddy  creek  and  is  preparing  to  develop  it  at  an  early- 
date.  Several  large  concerns  are  negotiating  for  imperial  acreages  with  a 
view  of  early  operations.  These  negotiations  are  necessarily  with  J.  G. 
Thompson,  of  Uniontown,  who  owns  the  larger  coal  are'a  of  no  less  than 
eleven  townships  of  Greene  county.  His  coal  lies  mainly  east  of  Waynes- 
burg  and  includes  the  larger  portion  of  two  townships  west  of  that  town. 
It  all  lies  along  or  convenient  to  the  proposed  Uniontown  and  Wheeling 
Short  Line.  It  is  the  main  portion  of  the  field  and  occupies  largely  what 
may  be  termed  the  basin. 
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GILA  RIVER  ALUM  DEPOSITS. 

Deposits  of  alum  that  present  many  unique  characteristics  occupy  a 
small  arid  region  in  Grant  County,  New  Mex.,  on  both  sides  of  the  Gila 
River.  These  deposits,  which  have  been  studied  and  described  by  Mr.  C. 
W.  Hayes,  of  the  United  States  Geological  Survey,  lie  about  twenty-seven 
miles  due  north  of  Silver  City,  and  are  at  present  accessible  from  that  point 
by  a  wagon  road,  which  reaches  the  Gila  River  at  Lyons  Hot  Springs  about 
six  miles  above,  and  thence  follows  the  river  down  to  the  mouth  of  Alum 
Creek. 

The  alum  deposits  occupy  a  nearly  circular  depression  below  the  general 
level  of  the  volcanic  plateau.  The  rocks  of  this  topographic  depression  are 
andesitic  volcanic  breccias.  They  are  the  alum  rock.  The  main  mass  of 
this  alum  rock  occupies  a  nearly  circular  area,  lying  for  the  most  part  south 
of  Gila  River  and  west  of  Alum  Creek.  About  the  margins  of  this  main 
mass  are  smaller  areas  occupied  by  the  alum  rock,  the  smallest  being  north 
of  the  river.  Several  small  areas  are  found  in  the  upper  basin  of  Alum 
Creek.  The  relations  of  the  alum  rock  to  the  adjacent  basalt  indicate 
clearly  that  the  alum  rock  has  broken  through  the  basalt  in  the  form  of 
an  igneous  intrusion,  probably  with  intense  explosive  violence.  In  every 
case  where  the  contact  was  well  exposed  it  was  either  vertical  or  at  a  high 
angle  and  the  rock  contained  fragments  of  the  basalt. 

The  most  striking  peculiarity  of  the  alum  rock  is  its  extreme  alteration. 
Careful  search  failed  to  reveal  at  any  point  within  the  Alum  Creek  basin  a 
trace  of  the  unaltered  breccia  for  determination  of  its  original  character. 
Where  exposed  to  leaching  as  in  the  upper  parts  of  pinnacles  and  cliffs  the 
rock  is  always  porous,  giving  a  hollow  sound  under  the  hammer.  It  is  evi- 
dent that  a  considerable  part  of  its  substance  has  been  removed  in  solution. 

Two  forms  of  incrustations  having  entirely  different  chemical  composi- 
tion are  common  in  association  with  the  alum  rock  wherever  the  conditions 
are  favorable  for  their  accumulation.  Upon  the  sides  of  the  cliflfs  are  ex- 
tensive deposits  of  material  evidently  leached  out  of  the  adjacent  rock  and 
deposited  from  solution.  These  incrustations  vary  in  thickness  from  a  few 
inches  to  three  or  four  feet.  The  outer  surface  has  a  fluted  appearance  re- 
sembling soime  stalactitic  cave  deposits.  It  is  generally  yellowish-white  in 
color  and  is  fairly  hard  with  a  porous  cellular  structure.  Within  this  outer 
crust  the  material  is  much  softer  and  ofter  occurs  as  a  perfectly  white 
powder.  This  incrustation  consists  of  the  hydrate  sulphate  of  aluminum, 
known  as  alunogen.  The  white  powdery  material  is  very  pure  and  has 
practically  the  theoretical  composition  of  alunogen,  while  the  outer  crust 
contains  a  slight  amount  of  impurities  and  less  than  the  theoretical  amount 
of  water. 

The  second  form  in  incrustation  is  most  abundant  on  the  walls  of  the 
tunnels  which  have  been  driven  into  the  alum'  rock.  It  consists  of 
halotrichitc,  a  silky  fibrous  mineral  closely  resembling  asbestos  in  appear- 
ance. It  has  a  very  pale  greenish  color  and  a  strongly  astringent  taste. 
The  outer  exposed  surface  of  the  incrustation  has  generally  lost  its  fibrous 
structure,  becoming  compact  and  assuming  a  yellowish  color.  Although 
the  incrustation  may  be  several  inches  thick,  the  individual  fibres  are  rarely 
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more  than  a  third  or  a  half  of  an  inch  in  length,  the  crust  being  made  up  of 

•  successive  layers  of  short  crystals.  Each  layer  probably  represents  the 
growth  of  a  single  season  during  which  the  supply  of  percolating  water  was 
relatively  abundant.  The  layers  of  crystals  are  sometimes  separated  by  a 
very  thin  film  of  the  rock  which  has  been  split  ofT  by  the  growth  of  the  sub- 

•  sequent  layer  of  crystals. 

The  alunogen  of  the  first  incrustation  is  the  sulphate  of  alumina  and  is 
free  from  iron,  except  as  a  minor  impurity,  the  halotrichite  of  the  second  is 
"the  double  sulphate  of  alumina  and  iron. 

The  value  of  the  deposits  will  depend  on  the  utilization  of  the  soluble 
sulphates  which  they  contain.  The  present  surface  accumulations  of  alu- 
nogen, while  proba'bly  amounting  to  many  hundreds  or  more  probably 
thousands  of  tons,  represent  but  an  insignificant  quantity  compared  with 
the  sulphates  still  in  the  rock.  Wherever  observed  the  rock  is  highly 
porous,  and  the  extent  of  its  porosity  represents  the  amount  of  material 
removed.  In  the  higher  and  more  exposed  ledges  the  rock  is  thoroughly 
leached  and  will  yield  nothing  more.  At  lower  levels  the  rock  still  contains 
a  part  of  its  soluble  constituents  which  are  coming  to  the  surface  by  the 
•capillary  circulation  of  surface  waters. 

Success  in  the  development  of  this  deposit  will  depend  largely  upon  the 
skill  with  which  the  problem  is  handled.  That  there  exists  here  an  almost 
unlimited  supply  of  aluminum  sulphate  appears,  however,  certain,  and  in 
view  of  the  rapidly  growing  demand  for  this  substance  in  the  arts,  and  in 
sanitary  engineering,  and  as  a  source  of  the  metal,  aluminum,  there  is  little 
'  question  that  the  supply  will  in  time  be  fully  utilized.  The  essentials  for 
-such  utilization  appear  to  be  transportation  facilities  and  chemical  engineer- 
ing skill.  Dr.  Hayes'  report  on  this  deposit  will  appear  in  the  Survey's 
^forthcoming  annual  "Contributions  to  Economic  Geology,  1906." 


Book  Notices. 

-uReport  of  the  Commission  Appointed  to  Investigate  the  Zinc  Resources  of  British 
Columbia  and  the  conditions  affecting  their  exploitation.  Mines  Branch. 
Dept.  of  the  Interior,  Hon.  Frank  P.  Oliver,  M.P..  Minister;  Eugene 
Haanel,  Ph.D.,  Supdt.  of  Mines.  399  pages,  illustrations,  plates,  maps, 
4to.     Ottawa,  Canada,  Government,  1906. 

The  admirable  scientific  work  whicb  the  Dominion  of  Canada  has  been 
doing  in  recent  years  is  characterized  by  the  broadest  spirit  in  the  selec- 
tion of  its  agents  and  the  greatest  thoroughness  in  its  work.  Dr.  Haanel 
was  requested  by  the  Minister  of  the  Interior  to  outline  the  work  neces- 
sary for  the  report,  and  Mr.  W.  R.  Ingalls,  Editor  of  the  Eng.  &  Min. 
Journ.,  of  New  York,  was  appointed  chief  of  the  staff,  including  Mr.  P. 
Argall.  M.E.,  of  Denver,  and  Mr.  A.  C.  Garde,  of  British  Columbia.  The 
metallurgical  investigation  was  undertaken  by  Mr.  H.  E.  Wood,  of  Denver. 
The  result  is  a  valuable  work  of  399  pages,  with  a  synopsis  of  the  mining 
laws  of  British  Columbia  and  a  complete  index. 

The  report  of  Mr.  Argall  on  the  zinc  resources  occupies  145  pages. 
This   article    gives   the    history,    amount    of   production,    character    of    ore, 
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market,  valuation  of  ores,  cost  of  smelting,  value  of  the  argentiferous 
blende,  and  wet  processes  of  extraction  in  the  United  States;  and  for 
British  Columbia  the  capacity,  cost  and  methods  of  production,  design  of  a 
zinc  smelter,  the  works  at  Frank,  Alberta,  smelting  rates  on  silver  lead 
ore,  preparation  of  zinc  ores,  magnetic  separation,  separators,  plants  in 
the  Slocan,  patent  rights,  electrostatic  separation,  flotation,  railway  trans- 
portation, electro-thermic  zinc  smelting,  production,  consumption  and  price; 
zinc  mines  of  the  Kootenays,  Ainsworth  Camp,  the  Slocan,  E.  Kootenay, 
rocks  and  ores  of  the  Slocan,  economic  conditions,  and  milling  in  the 
Slocan. 

Mr.  Garde  reports  on  some  mines  of  Ainsworth  and  the  Slocan.  Mr. 
Barlow  reports  on  some  undeveloped  zinc  deposits  of  British  Columbia, 
including  Vancouver  Island,  Texada  Island,  the  Main  Coast,  and  the  inter- 
ior of  British  Columbia. 

Mr.  Argall  reports  on  methods  for  the  concentration  of  zinc  ores  of 
British   Columbia. 

Henry  Harris  and  Henry  E.  Wood  report  on  the  methods  of  assaying. 
Mr.  Harris's  flux  for  the  silver  assay  was,  litharge,'  9  pts.;  sod.  bicarb., 
3  pts.;  borax  glass,  i  pt.,  with  a  cover  of  salt.  Three  assay  tons  of  this 
was  used  with  0.2  a.  t.  of  the  ore. 

For  Zn  he  mixed  from  0.5  to  i  g.  of  ore  with  10  cc.  of  water,  afterwards 
adding  25  cc.  of  saturated  solution  of  potassium  chlorate  in  nitric  acid. 
Evaporated  and  dehydrated.  Added  5  g.  sal  ammoniac;  15  cc.  ammonia, 
and  25  cc.  water;  boiled,  filtered,  diluted,  neutralized  with  HCl,  adding 
10  cc.  in  excess.  Titrated  hot  with  standard  sol.  potas.  ferro-cy.,  using 
uranium  acetate  as  indicator. 

The  work  is  profusely  illustrated  by  cuts,  diagrams  aiid  half-tones,  rep- 
resenting machinery,  maps,  scenery  and  ores. 

It  is  a  model  of  the  manner  of  making  such  a  report  and  will  be  a  neces- 
sarv  reference  book  for  the  mining  engineer  and  metallurgist. 

F. 


Sections. 

MiNiNc.  AND  Metallurgic.\l  Section. — Stated  meeting  held  Thursday, 
May  gth,  at  8  P.  M.  President  G.  H.  Clamer  in  the  chair.  Present,  forty- 
two  members  and  visitors. 

The  minutes  of  the  stated  meeting  of  Thursday,  January  31st,  were  read 
and  approved. 

The  president  introduced  the  speaker  of  the  evening,  Dr.  David  T.  Day, 
of  the  U.  S.  Geological  Survey,  who  delivered  an  address  on-  "The  Black 
Sands  of  the  Pacific  Coast."  The  speaker  illustrated  his  theme  by  the  e.\- 
hil)ition  of  a  number  of  lantern  slides. 

Discussed  by  Mr.  Clamer,  Mr.  Anderson,  Dr.  Ed.  Goldsmith  and  the- 
author. 

The  thanks  of  the  meeting  were  voted  to  the  speaker  of  the  evening. 

Adjourned. 

Wm.  H.  Waul,  Secretary. 
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MECiJANicnf.  AND  ENGINEERING  SECTION. — Stated  meeting  held  Thurs- 
day, May  23d,  at  8  P.  M.  President  Chas.  Day  in  the  chair.  Present,  138 
members  and  visitors. 

The  paper  of  the  evening  was  read  by  Mr.  James  B.  Bonner,  of  Phil- 
adelphia, on  "The  Present  Condition  of  the  Work  on  the  Panama  Canal." 
The  speaker  gave  an  account  of  this  important  work,  based  on  personal  ob- 
servations made  in  a  recent  visit  to  the  Isthmus.  His  remarks  were  pro- 
fusely illustrated  with  the  aid  of  lantern  photographs  made  from  pictures 
taken  on  the  ground. 

The  thanks  of  the  meeting  were  voted  to  the  speaker  for  his  extremely 
interesting  address,  and  the  session  was  adjourned. 

Kern  Dodge,  Sec'y  pro  tern. 


The     Franklin     Institute. 


(Proceedings  of  the  stated  meeting  held  Wednesday,  June  igth,  1907.) 

Hall  of  the  Franklin  Institute, 

Philadelphia,  June  19th,  1907. 
Vice-President  James  M.  Dodge  in  the  chair. 
Present,  thirty-five  members. 

Additions  to  membership  since  last  report,  three. 

The  Actuary,  by  instruction  of  the  Board  of  Managers,  transmitted  a 
memoir  on  "The  Speed  of  the  Invisible  Portions  of  the  Spectrum," 
signed  by  "Algol,"  which  had  been  received  in  competition  for  the  Boyden 
Premium.  With  the  memoir  the  Actuary  also  submitted  the  report  of  a 
special  committee  of  judges,  consisting  of  Mr.  Hugo  Bilgram,  Prof.  A.  W. 
Goodspeed,  and  Dr.  George  Flowers  Stradling,  recomimending  that  the 
original  amount  of  the  Boyden  Premium,  to  wit:  one  thousand  dollars,  be 
awarded  to  the  author  of  the  memoir,  Dr.  Paul  R.  Heyl,  of  Philadelphia, 
for  his  successful  experimental  demonstration  of  a  portion  of  the 
proposition  stated  by  Mr.  Boyden. 

The  Actuary  likewise  transmitted  the  following  resolution  adopted  by 
the  Board  of    Managers  in  reference  to  the  subject,  viz.: 

"Resolved,  That  the  Board  of  Managers  hereby  recommends  to  the  In- 
stitute the  approval  of  the  report  of  the  Judges  upon  certification  from  the 
Judges  that  they  consider  any  further  experimental  demonstrations  unneces- 
sary." (A  certification  to  this  efifect,  signed  by  all  the  Judges,  was  found 
appended  to  the  Judges'  report.) 

The  following  is  an  abstract  of  the  applicant's  thesis,  prepared  by  the 
chairman  of  the  Judges,  viz.: 

"The  applicant,  'Algol,'  for  the  Boyden  premium  has  succeeded  in 
demonstrating,  by  experiment,  that  those  of  the  ultra-violet  rays  of 
light  for  which  glass  is  transparent,  have  the  same  velocity  as  the  light 
rays  proper. 

"He  reasons  that  if  the  velocity  of  these  rays  were  different  they 
would  not   arrive,   from  a   distant   source,   at  the   same   time.     For  his 
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tests  he  selected  'Algol,'  a  well-known  variable  star  in  the  constel- 
lation Perseus,  as  the  source  of  light.  By  means  of  a  diffraction 
grating  he  eliminated  all  but  the  ultra-violet  rays  of  a  known  frequency, 
and  by  focusing  them  on  a  sensitive  plate,  obtained  photographs  of  the 
star. 

"For  the  purpose  of  identifying  the  rays  so  recorded  with  the  visible 
rays,  regarding  the  time  of  their  emission,  he  selected,  for  the  time  of 
his  tests,  the  time  during  which  the  light  of  this  star  shows  the  peculiar 
phenomenon  of  fading  and  recovering.  The  period  of  this  variation  is 
known  to  be  about  six  hours.  During  this  period  he  took  a  number 
of  photographs,  one-half  hour  apart,  each  exposure  being  twenty  min- 
utes, the  remaining  ten  minutes  being  employed  for  making  the  nec- 
essary preparations  for  the  next  exposure.  He  thus  obtained  a  number 
of  exposures  of  the  star  on  the  same  sensitive  plate,  but  shifted  in  posi- 
tion. After  developing  the  plate,  the  successive  images  plainly  showed 
a  fading  and  recovering,  and  although  the  exact  location  of  the  mini- 
mum brightness  could  not,  in  the  nature  of  things,  be  absolutely  deter- 
mined, the  approximate  coincidence  of  the  time  of  the  minimum 
brightness  of  the  visible  and  the  photographed  rays  was  obvious.  These 
tests  were  repeated  a  number  of  times  to  eliminate  the  possibility  of 
error  and  also  to  take  in  a  certain  range  of  the  ultra-violet  rays,  and 
since  favorable  opportunity  for  making  these  tests  is  not  frequent,  the 
investigation  extended  over  a  period  of  two  years. 

"The  applicant  then  reasoned  as  follows:  Assuming  that  the  photo- 
graphic iminimum  did  not  exactly  coincide  with  the  observed  visual 
minimum,  their  difference  did  certainly  not  exceed  an  hour,  and  since 
the  distance  of  Algol  is  no  less  than  forty  light  years,  the  difference  of 
the  velocities  of  the  ultra-violet  and  the  visual  rays  could  not  exceed 
one  part  in  250,000.  This  close  approximation  established  equality  to  all 
intents  and  purposes." 

After  the  reading  of  the  foregoing  abstract,  the  presiding  officer  an- 
nounced the  subject  open  for  consideration. 

Mr.  Hugo  Bilgram,  chairman  of  the  Committee  of  Judges,  announced 
that  he  was  prepared  to  make  any  explanation  in  reference  to  the  work  of 
Dr.  Heyl  that  should  be  asked  for. 

Mr.  Levy  remarked  that  an  interesting  feature  of  Dr.  Heyl's  memoir 
was  that  it  was  a  piece  of  original  scientific  research,  for  the  neglect  of 
which  Americans  have  been  frequently  reproached. 

A  motion  was  thereupon  unanimouslv  passed  confirming  the  award  as 
recommended  by  the  Judges  and  endorsed  by  the  Board  of  Managers. 

The  Secretary  reported  the  following  vacancies  in  the  Committee  on 
Science  and  the  Arts,  viz.:  Messrs.  Amos  P.  Brown,  J.  Logan  Pitts.  C.  J. 
Reed.  Geo.  P.  Scholl,  Frank  Shuman.  H.  W.  Spangler,  A.  H.  Stewart.  J.  C. 
Trautwine,  Jr.  The  following  were  duly  nominated  and  elected  to  fill  the 
vacancies: 

Dr.  G.  H.  Meeker  in  place  of  Prof.  Brown:  Chas.  Zentmayer  in  place  of 
Mr.  Reed;  Robert  Job  in  place  of  Dr.  Scholl;  Carl  G.  Barth  in  place  of 
Prof.  Spangler;  Richard  Zeckwer  in  place  of  Dr.  Stewart;  Luther  D.  Love- 
kin  in  place  of  Mr.  Fitts;  Joseph  H.  Burroughs  in  place  of  Mr.  Shuman; 
Mr.  Henrick  V.  Loss,  in  place  of  Mr.  Trautwine. 

The  following  communications  were  presented: 

The  Holophane  System  of  Illumination,  by  Mr.  A.  J.  Marshall, 
Illuminating  Engineer  of  the  Holophane  Glass  Co.,  New  York. 
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Astestos  Fireproof  Materials  for  Buildings  (flooring,  siding,  shingles, 
etc.),  made  by  Keasby  &  Mattison,  of  Ambler,  Penna.  The  subject  was 
presented  by  Mr.  Weldon  Clark,  the  local  representative  of  the  manufac- 
turers. 

An  improved  Draughting  Board  was  exhibited  and  described  by  Mr. 
Jos.  W.  Bramwell,  of  Philadelphia. 

The  subjects  of  the  last  two  communications  were  referred  to  the  Com- 
mittee on  Science  and  the  Arts,  and  the  thanks  of  the  meeting  were  voted 
to  the  several  speakers. 

Adjourned. 

Louis  E.  Levy,  Sec'y  pro  tan. 


Committee  on  Science  and  the  Arts. 

{Abstract  of  proceedings  of  stated  meeting  held  JVednesday,  June  5,  1907.) 
Dr.  \Vm.  O.  Gricgs  in  the  chair. 

The  following  report  was  adopted: — 

(No.  2.402.)  A  Re-discovered  Lost  Art.  Frank  Delia  Torre,  of  Baltimore, 
Maryland. 

This  report  was  made  advisory. 

The  following  reports  passed  first  reading: — 

(No.  2392.)  Improvements  in  Diffraction  Color  Photographs.  Herbert  E. 
Ives,  of  Weehawken,  N.  J. 

(No.  2400.)  Improved  Primary  Battery.  Frank  A.  Decker,  of  Philadel- 
phia, Pa. 

(No.  2409.)  Diffraction  Color  Photographs.  Prof.  R.  W.  Wood,  of  Balti- 
more. Md. 

Deferred  Business. — (No.  2389.)  Improved  Thermometer  Support.  Dr. 
T.  F.  Townsend,  of  Philadelphia,  Pa. 

A  motion  for  reconsideration  of  the  Committee's  action  in  the  above- 
named  case  was  passed  and  the  subject  was  again  brought  before  the  Com- 
mittee for  action.  A  motion  to  change  the  award  from  the  grant  of  a  cer- 
tificate of  merit  to  the  grant  of  the  Edward  Longstreth  Medal  of  Merit  was 
made  and  upon  being  put  to  vote,  was  lost,  by  a  vote  of  nine  ayes  to  two 
nays,  the  remaining  three  members  present  declining  to  vote. 

New  Business. — The  names  of  the  following  gentlemen  were  reported 
as  having  resigned  from  the  committee: 

Messrs.  A.  P.  Brown,  J.  Logan  Fitts,  C.  J.  Reed,  Geo.  P.  Scholl,  Frank 
Shuman.  Dr.  A.  H.  Stewart,  J.  C.  Trautwine,  Jr.,  and  Prof.  H.  W.  Spangler. 

A  special  committee,  consisting  of  Messrs.  Christie,  Levy,  Donaldson 
and  the  Chairman  and  Secretary,  ex.  off.,  was  appointed  to  present  nomi- 
nations to  fill  these  vacancies  at  the  stated  meeting  of  the  Institute,  to  be 
held  on  Wednesday,  the  igtl  inst. 

Adjourned. 

Wm.  H.  Wahl,  Secretary^ 
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On  the  Speed  of  the  Invisible  Portions  of  the  Spectrum. 

[A  Memoir  submitted  to  the  Franklin  Institute  for  the  Boyden 

Premium.] 
By  Dr.  Pall  R.  Heyl. 


HISTORICAL  INTRODUCTION. 

The  question  for  the  solution  of  which  the  Boyden  Premium  is 
offered  is  one  that  must  be  well  understood  if  it  is  to  be  well 
answered.  The  vagueness  of  language  in  the  original  statement 
of  the  question  ("all  rays  of  light  and  other  physical  rays")  is  in 
large  measure  due  to  the  incomjilete  and  vague  knowledge  of  the 
spectrum  which  existed  fifty  years  ago.  It  may  help  to  under- 
stand what  might  have  suggested  such  a  problem  if  we  briefly  re- 
view tlie  history  of  the  subject  of  radiation  during  the  first  half  of 
the  nineteenth  century. 
Vol.  CLXIV.     No.  9S0  6 
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In  the  year  1800,  our  knowledge  of  the  spectrum  was  sub- 
stantially where  Newton  left  it  more  than  a  hundred  years  before ; 
but  it  was  not  to  be  long  before  two  important  discoveries  were  to 
be  made  which  would  greatly  enlarge  the  field  of  study.  In  1800 
Herschel  discovered  the  existence  of  invisible  heat-rays  beyond 
the  red,  and  this  discovery  was  quickly  followed  by  the  discovery 
of  the  ultra-violet  rays  by  Ritter  in  180 1.  A  controversy  over 
the  nature  of  these  invisible  rays  at  once  began,  and  continued  for 
upwards  of  two  generations.  One  school  of  philosophers  held 
that  there  were  three  distinct  types  of  rays  present  in  light, 
namely,  the  heating,  the  visual,  and  the  actinic  rays.  These  rays 
were  believed  to  overlap  each  other  somewhat  in  refrangibility, 
accounting  for  the  heating  effect  in  the  red  and  orange  and  for  the 
chemical  effect  of  the  blue  and  violet.  The  other  school  put 
forth  an  explanation  in  terms  of  the  undulatory  theory,  which  was 
then  having  its  early  struggle  for  recognition.  This  explanation 
supposed  all  kinds  of  rays  to  be  of  the  same  nature,  /.  c,  undula- 
tions in  an  £ether,  but  to  differ  somehow  in  quality  or  intensity 
which  rendered  some  of  them  invisible.  Biot  w^as  probably  the 
earliest  champion  of  this  theory,*  and  defended  it  ably  as  early  as 
18 14.  Probably  because  the  undulatory  theory  on  which  it  was 
based  w^as  not  yet  generally  accepted,  this  theory  seems  to  have 
made  but  little  headway  for  a  time. 

The  progress  of  the  undulatory  theory  of  light  may  be  said  to 
have  been  quite  encouraging  by  1833,  in  which  year  Brewster, 
one  of  tiie  last  adherents  of  the  corpuscular  theory,  wrote  these 
words  :t 

"On  these  grounds  I  have  not  ventured  to  kneel  at  the  new 
shrine,  and  I  must  even  acknowledge  myself  subject  to  that 
national  weakness  which  urges  me  to  venerate  and  even  to  sup- 
port the  falling  temple  in  which  Newton  once  worshipped." 

With  the  gradual  recognition  of  the  undulatory  theory  there 
seems  to  ha^'e  been  an  increase  in  the  support  of  what  may  be 
called  the  unitarian  theory  of  the  spectrum,  and  we  find  Ampere 
defending  and  expounding  it  in  1832.:::  It  should  be  noticed  that 
Ampere  does  not  seem  to  have  grasped  the  idea  that  the  invisible 

^Gilbert's  Annalen.  46,  p.  376,  (1814);  Rosenberger,  in  his  Geschichte  der 
Physik,  vol.  iii,  p.  317,  credits  him  with  these  views  in  1825. 
tPhil.  Mag.  (3)  ii,  p.  360.  (1833). 
itBibliotheque  Univ..  vol.  48,  p.  225;  also  Fogg.  Ann.,  vol.  26.  p.  161.  1832. 
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Plate  2. 
Determination  of  relation  between  focus  and  wave  lenoth. 


Plate  3. 
Determination  of  relation  between  focus  and  wave  length. 
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waves  differ  in  frequency  from  their  visible  brethren.  He  ex- 
plained the  invisibility  of  heat  waves  entirely  as  a  question  of 
relative  intensity  or  abundance,  and  observing  that  water  readily 
stopped  the  heat  waves,  concluded  that  it  was  to  their  absorption 
by  the  Fluids  of  the  eye  that  they  owed  their  invisibility. 

Melloni,  who  was  easily  the  greatest  authority  on  radiant  heat 
at  that  time,  combated  this  theory  for  some  years,  but  finally 
capitulated,  in  i842.t  Vet  as  late  as  18461  it  was  said  "the 
identity  is  not  yet  firmly  enough  established." 

The  method  which  was  pursued  in  establishing  the  identity  of 
the  dift'erent  types  of  rays  in  the  spectrum  was  that  pointed  out 
by  Biot,  in  1814.  He  says,  in  the  article  in  Gilbert's  Annalen 
already  quoted : 

'"Ob  der  W'aermestoft'  und  das  Licht  blosse  Modificationen  eines 
und  desselbenPrincips,  oder  zwei  wesentlich  verschiedene  Principe 
sind,  dariiber  ist  seit  langer  Zeit  unter  den  Physikern  und  den 
Chemikern  gestritten  worden.  ]^Ian  hat  zu  Gunsten  der  einen 
wie  der  andern  dieser  Hypothesen,  Systeme  aufgebaut ;  der 
einzige  W'eg  indess.  auf  dem  sich  die  Sache  entscheiden  laesst.  ist. 
die  Eigenschaften,  welche  dem  W'aermestoff,  und  die,  welche  dem 
Lichte  wesentlich  eigen  sind,  durch  genaue  Versuche  mit 
Zuverlaessigkeit  auszumitteln.  ihre  Aehnlichkeiten  und  die  Ver- 
schiedenheiten  beider  auseinander  zu  setzen,  und  nachzuforschen, 
ob  ein  und  dasselbe  in  seiner  Natur  unveraenderliche  Princip. 
das  auf  unsere  Organe  und  auf  die  Korper  nach  Verschiedenheit 
der  Umstaende  Verschieden  wirkt,  die  mannigfaltigen 
W'irkungen.  welche  wir  wahrnehmen,  in  ihnen  hervorzubringen 
vermag." 

It  is  rather  remarkable  that  the  difference  of  opinion  as  to  the 
nature  of  the  various  rays  of  the  spectrum  seems  to  have  found  its 
main  expression  in  the  question  as  to  the  identity  of  light  and 
radiant  heat,  comparatively  little  discussion  arising  over  the  asso- 
ciated question  of  the  nature  of  the  ultra  violet  rays.  Much 
work  was  done  in  reference  to  the  properties  of  radiant  heat  along 
the  lines  indicated  by  Biot,  as  may  be  seen  from  the  following 
summary: 

Double  Refraction  and  Polarization  by  Reflection;  Berard, 
1812.  (Alem.  de  phys.  et  de  chim.  de  la  Societe  d'Arceuil,  tom  iii, 

tComptes  Rcndiis.  15.  p.  454:  Pogg:.  Ann..  ^7,  p.  300. 
tF<.rtsclirit:c  der  I  liysik.  II,  p.  i60- 
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pp.  24-29,  46,  1812.     Also  Gilbert's  Annalen,  46,  p.  376,  1814.) 

Reflection  and  Rectilinear  Propagation  had  been  previously 
shown  by  Mariotte.      (See  Biot's  article  in  Gilb.  Ann.,  loc.  cit.) 

Polarization  by  Transmission;  Forbes,  1835.  (Edin.  Trans. 
13,  p.  131 ;  Pogg.  Ann.  35,  p.  553.) 

Diffraction;  Knoblauch,  1846.  (Pogg.  Ann.,  74,  p.  9.  Com- 
municated to  Berlin  Phys.  Gesellschaft  on  Aug.  7,  antedating 
Fizeau  and  Foucault. ) 

Magnetic  rotation;  Desains  and  De  la  Provostaye,  1849. 
(Comptes  Rendus,  29,  p.  352.)  These  authors  refer  to  the  pre- 
vious work  of  Wartman,  1846,  who  obtained  some  uncertain  re- 
sults, not  confirmed  by  others. 

Speed  of  Propagation;  Baron  F.  von  Wrede,  1840.  (Pogg. 
Ann.  53,  p.  602,  1841.  Phil.  Mag.,  20,  p.  379,  1842. )  This  ar- 
ticle being  in  line  with  the  subject  of  the  present  memoir  merits 
some  extended  notice,  the  more  so  as  its  results  are  at  variance 
with  the  general  belief  at  the  present  day.  The  principle  was 
that  if  light  and  radiant  heat  travel  at  different  speeds  they  ought 
to  show  different  aberrations.  In  consequence,  the  light  and 
heat  images  of  the  sun  in  a  telescope  will  not  exactly  coincide,  but 
will  be  slightly  displaced  in  the  direction  of  the  plane  of  the 
ecliptic ;  hence  the  heat  from  the  eastern  and  western  edges  of  the 
sun  will  not  be  equal. 

To  investigate  this  question  a  linear  thermopile  was  so  mounted 
in  the  focal  plane  of  a  ten-foot  telescope  that  its  edge  could  be 
moved  across  the  field  of  vision  by  a  micrometer  screw.  The 
usual  eye-piece  was  in  position  behind  the  thermopile  so  that  the 
edge  of  the  latter  could  be  brought  by  visual  observation  tangent 
to  the  sun's  edge.  With  the  sun's  image  central  in  the  field,  and 
using  a  low  power,  so  that  the  whole  disc  was  visible,  the  thermo- 
pile was  brought  tangent  to  the  western  edge,  the  adjustment 
maintained  as  steadily  as  possible  for  five  minutes  by  the  driving 
mechanism  of  the  telescope,  and  readings  of  the  galvanometer 
were  taken  continually.  The  tube  containing  the  thermopile  and 
the  eye  piece  was  then  turned  through  180°,  so  that  the  thermopile 
now  became  tangent  to  the  eastern  edge,  and  the  readings  of  the 
galvanometer  were  repeated.  A  single  pair  of  readings  like  this 
should,  if  all  adjustments  were  perfect,  indicate  qualitatively  any 
considerable  shift  of  the  light  and  heat  images.  To  make  the  ex- 
periment quantitative  the  pile  was  moved  toward  the  sun's  cent:r 
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by  one  turn  of  the  micrometer  screw,  and  the  pair  of  readings  was 
repeated.  A  series  of  measurements  was  made,  moving  the  pile 
between  each  pair  of  readings.  In  this  way  it  could  be  ascer- 
tained how  much  more  the  screw  had  to  be  turned  on  one  side 
than  on  the  other  to  give  the  same  heat.  Half  of  this  displace- 
ment of  the  pile  would  be  the  shift  of  the  two  images. 

W'rede  seems  to  have  made  but  two  such  complete  series  of 
measurements,  only  one  of  which  was  carried  out  under  perfect 
conditions.  During  the  other  there  were  slight  clouds  passing 
now  and  then,  and  a  strong  wind  shook  the  instrument.  In  both 
series,  however,  he  believed  that  he  found  the  east  edge  of  the 
sun  to  be  hotter  than  the  west  edge,  which  would  indicate  a 
greater  aberration  and  a  lower  speed  for  the  heat  rays.  The 
telescope  was  rotated  on  its  axis  between  two  series  to  elim- 
inate any  unsymmetrical  absorption  by  the  object  glass.  The 
mean  result  gave  as  the  shift  of  the  images  0.28  pitch  of  the  screw, 
which  was  yy?  o^  ^  Swedish  decimal  inch.  The  focal  length  of 
the  telescope  being  10 1.5  Swedish  decimal  inches,  the  difference 
between  the  two  aberrations  was  apparently 


.  /        0-28  \ 

tan-'  (  ■ — — )  =  4. 

V119  4-  101.5/ 


The  aberration  of  visible  light  being  a  little  over  20",  this  result 
gave  a  speed  for  the  heat  rays  of  about  four-fifths  that  of  visible 
ra(iiati<-)n. 

This  remarkable  result  attracted  no  little  attention  at  the  time 
of  its  publication.  Appearing  originally  in  a  little-known  Danish 
journal  it  was  copied  into  Poggendorff's  Annalen  and  the  Philo- 
sophical Magazine.  There  is  in  the  possession  of  the  Franklin 
Institute  a  letter  of  Mr.  Boyden's.  showing  that  he  was  acquainted 
with  Wrede's  work  and  also  throwing  some  light  upon  his  con- 
struction of  the  prize  question.  Mr.  Boyden  had  no  confidence  in 
Wrede's  result,  and  calls  his  work  "erroneous;"  but  he  says  that  it 
was  not  his  intention  to  limit  the  award  of  the  premium  to  such 
questions  as  that  attacked  by  Wrede,  but  to  include  any  and  all 
other  physical  rays.  He  says  in  another  place  that  he  has  no  evi- 
dence either  for  or  against  the  existence  of  different  rays  of  the 
same  refrangibility. 

Wrede's  work  is  now  forgotten,  but  scientific  opinion  to-day 
will  share  Mr.  Boyden's  scepticism  as  to  its  value.     The  fact  that 
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it  has  been  forgotten  in  spite  of  the  pubhcity  given  it  at  the  time 
would  seem  to  indicate  that  Mr.  Boyden  but  voiced  the  contem- 
porary opinion  of  its  value.  The  principal  reasons  for  this  dis- 
trust may  be  mentioned. 

The  constant  of  aberration  of  light  is  such  a  small  quantity 
that  any  experiments  on  differences  of  this  value  must  be  capable 
of  coarse  results  only.  It  is  generally  believed  that  any  difference 
of  speed  such  as  the  prize  question  suggests -and  W'rede  sought 
would  be  of  an  order  too  small  to  be  capable  of  detection  by 
Wrede's  method.  The  grounds  for  this  belief  will  be  later  re- 
ferred to. 

\\'rede's  method  is  based  upon  the  assumption  that  the  surface 
of  the  sun  is  uniformly  heated,  which  the  phenomenon  of  sun 
spots  might  render  us  rather  cautious  about  accepting. 

The  scanty  observations  offered  by  Wrede  are  not  enough  to 
ensure  the  elimination  of  the  various  errors  incident  to  such  a 
measurement.  A  slight  error  in  centering  the  sun's  disk,  or  a 
small  change  in  the  rate  of  the  driving  clock,  or  a  lack  of  accuracy 
in  the  adjustment  of  the  thermopile  tangent  to  the  edge  of  the  sun 
would  have  given  a  false  result.  In  particular  it  is  to  be  re- 
marked that  the  tangent  position  of  the  thermopile  is  one  of  the 
greatest  delicacy ;  for  in  no  other  position  on  the  sun's  disk  would 
there  be  so  great  a  change  in  the  heat  received  by  the  pile  for  a 
small  displacement  of  the  latter. 

Apart  from  the  work  of  Wrede  no  investigation  of  the  speed  of 
travel  of  the  invisible  rays  of  the  spectrum  appears  ever  to  have 
been  made  up  to  the  time  of  the  establishment  of  the  Boyden 
Premium,  or  indeed,  up  to  the  present  time.  Wliile  in  many 
other  properties  the  invisible  rays  were  shown  to  behave  in 
the  same  m.anner  as  their  visible  brethren,  and  sufficient  evidence 
was  finally  amassed  to  satisfy  the  scientific  world  as  to  their 
identity,  yet  the  similarity  of  their  speeds,  which  naturally  fol- 
lows, has  never  yet  been  experimentally  proven.  This  last  piece 
of  confirmatory  evidence  was  lacking.  True,  it  was  not  urgently 
needed ;  but  may  this  not  have  been  the  germ  of  suggestion  in  Mr. 
Boyden's  mind  which  later  developed  into  the  idea  of  establishing 
the  Premium? 

Let  us  now  see  what  work  has  been  done  bearing  on  this  subject 
since  Mr.  Boyden's  day. 

It  is  generally  understood  at  present  that  all  visible  radiation 
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travels  with  the  same  speed  in  vacuo.  This  seems  to  have  been 
tacitly  assumed  before  Mr.  Boyden  estabhshed  the  Premium, 
probably  as  a  mathematical  consequence  of  the  undulatory  theory 
of  light.  Since  that  time  this  doctrine  has  not  passed  unchallenged, 
bv  experiment,  but  has  survived  all  adverse  criticism,  and  is  now 
quite  firmly  grounded. 

In  1882,  Young  and  Forbes*  announced  that  in  making  some 
experiments  on  the  speed  of  light  by  a  modification  of  Fizeau's 
method  they  had  observed  that  the  luminous  image  was  of  a  red- 
dish cast  while  increasing  in  brightness  and  bluish  while  decreas- 
ing. This,  they  showed,  could  be  accounted  for  by  a  difference  in  th^ 
speed  of  travel ;  and  from  their  observations  they  deduced  a  differ- 
ence of  nearly  two  per  cent,  between  red  and  blue  light,  the  latter 
apparently  traveling  the  faster.  Shortly  after  this  Michelsont  re- 
peated his  measurement  of  the  speed  of  light  by  Foucault's 
method,  and  paid  particular  attention  to  the  question  raised  by 
Young  and  Forbes.  He  covered  one-half  of  his  luminous  slit  by 
a  piece  of  red  glass,  leaving  the  other  half  uncovered,  and  could 
not  detect  the  slightest  break  in  the  continuity  of  the  reflected 
image ;  whereas  a  difference  of  speed  of  the  magnitude  announced 
by  Young  and  Forbes  would  have  drawn  out  the  image  of  the  slit 
to  a  spectrum  ten  millimeters  wide.  It  seems  altogether  likely 
that  the  effect  noticed  by  Young  and  Forbes  was  physiological  and 
subjective.  They  may  have  unwittingly  discovered  what  is  now 
known  as  the  Purkinje  phenomenon,  or  at  any  rate  something  of 
the  same  nature. 

All  these  experiments  referred,  of  course,  to  the  speed  in  air; 
but  the  refractive  index  from  air  to  a  vacuum  is  so  nearly  unity 
for  all  colors  of  light  that  no  doubt  exists  as  to  the  truth  of  the 
proposition  in  vacuo. 

But  astronomy  furnishes  us  additional  evidence  for  the  case  of 
light  in  vacuo.  At  the  times  of  the  eclipses  of  the  satellites  of 
Jupiter  no  change  of  color  can  be  observed  as  the  satellite  disap- 
pears and  reappears.  Here  the  portion  of  the  path  of  the  light 
that  lies  through  air  is  utterly  insignificant  compared  with  the 
length  of  the  path  in  vacuo;  and  the  distance  of  Jupiter  is  such 


*Phil.  Trans,  part  I.  1882. 

t.-\stronnmical    Papers    lor    the    American     Ephemeries    and    Nautical 
Almanac.  Vol  2. 
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that  a  difference  of  speed  of  two  per  cent,  between  red  and  blue 
light  would,  as  pointed  out  by  Young  and  Forbes,  amount  to  a 
lag  of  about  half  a  minute  between  these  two  colors. 

Still  more  conclusive  is  the  evidence  furnished  by  short  period 
variable  stars,  none  of  which  show  any  appreciable  change  of 
color  in  their  waxing  and  waning,  although  undoubtedly  at 
enormous  distances.  We  may  therefore  conclude  that  the  uni- 
form speed  of  visible  radiation  in  vacuo  is  a  settled  question. 

This  fact  of  the  uniformity  of  speed  of  the  waves  making  up  the 
octave  of  the  visible  spectrum  is  an  important  one  when  we  con- 
sider the  question  of  a  possible  difference  of  speed  in  the  invisible 
portions.  All  analogy  with  other  forms  of  w'ave  motion  leads  us 
to  the  conclusion  that  if  the  speed  be  constant  for  any  considerable 
range  of  wave  lengths  it  will  also  be  constant,  or  nearly  so,  for 
wave  lengths  outside  that  range.  In  the  case  of  gravitational 
waves  in  deep  water,  where  the  speed  is  a  function  of  the  wave 
length,  there  is  no  range  of  wave  lengths,  however  limited,  where 
the  speed  is  constant;  and  in  the  case  of  sound  waves  in  air  the 
speed  is  constant  over  the  nine  or  ten  octaves  that  constitute  the 
range  of  audibility  if  it  is  constant  over  a  single  one.  For  this 
reason  we  are  inclined  to  expect  the  speed  of  the  invisible  rays  to 
be  nearly  the  same  as  that  of  the  visible  rays,  and  to  distrust  such 
a  result  as  that  announced  by  Wrede  until  it  has  been  independ- 
ently confirmed. 

In  view  of  the  foregoing  considerations  it  may  be  deemed  a 
useless  expenditure  of  time  to  apply  to  the  investigation  of  the 
prize  question  any  method  except  one  of  the  most  delicate  de- 
scription. The  method  about  to  be  described  by  the  writer  may 
be  trusted  to  show  a  difference  of  one  part  in  two  or  three  hun- 
dred thousand  in  the  speed.  Being  photographic  in  its  nature  it 
has  been  found  practicable  to  apply  it  only  to  the  ultra  violet  and 
visible  region  of  the  spectrum;  but  as  the  results  confirm  the 
hitherto  existing  belief  in  the  constant  speed  of  travel  so  far  as 
ultra-violet  region  is  concerned,  it  becomes  in  the  highest  degree 
improbable  that  the  ultra  red  region  should  exhibit  any  marked 
deviation  from  this  speed. 

PRINCIPLE  AND  DETAILS  OF  THE  METHOD. 

Let  there  be  a  source  of  white  light  at  a  great  distance  from  the 
observer,  and  suppose  this  source  to  suffer  a  periodic  variation  in 
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intensity.  Let  the  light  which  reaches  the  observer  be  dispersed 
into  a  spectrum  by  a  prism  or  a  grating.  If  all  the  different 
components  of  the  white  light  travel  with  the  same  speed  every 
part  of  the  spectrum  will  have  its  maximum  or  minimum  of  in- 
tensity at  the  same  moment;  but  if  the  speed  is  a  function  of  the 
wave  length  this  will  not  be  the  case. 

All  this,  of  course,  is  equivalent  to  saying  that  the  light  from 
the  distant  source  will  suffer  a  periodic  change  of  color  with  its 
change  of  intensity;  but  in  the  above  form  the  principle  is  appli- 
cable also- to  the  invisible  regions  of  the  spectrum. 

We  are  speaking  in  terms  of  Xewton's  hypothesis  that  the  dif- 
ferent periodicities  of  the  spectrum  may  be  considered  as  physi- 
cally present  in  white  light  because  physically  present  in  the  source. 
The  more  recent  theory  is  that  white  light  is  due  to  irregular 
pulses  in  the  source;  that  the  different  colors  are  to  be  considered 
as  only  mathematically  present  in  the  white  light,  and  as  physi- 
cally manufactured  by  the  prism  or  grating.  This  theory  does 
not  in  the  least  affect  the  validity  of  the  reasoning  upon  which 
this  method  is  founded  any  more  than  it  upsets  the  conclusions  of 
celestial  spectrum  analysis.  To  restate  the  matter  in  terms  of  the 
pulse  theory  we  should  say  that  if  the  speed  is  constant  for  all 
wave  lengths  the  pulse  will  travel  without  change  of  form,  and  if 
analyzed  by  the  observer  will  present  a  simultaneous  variation  in 
intensity  in  all  its  components ;  while  if  the  speed  is  a  function  of 
the  wave  length  the  pulse  will  alter  its  form  as  it  travels,  and 
when  it  reaches  the  observer  it  may  have  a  dift'erently  propor- 
tioned set  of  components  from  those  with  which  it  started.  As 
we  are  not  concerned  with  the  question  of  what  periodicities  are 
physically  present  in  the  source  we  shall  use  the  Newtonian 
method  of  expression  on  account  of  its  greater  simplicity. 

The  only  source  of  light  at  a  practicable  distance  for  such  an 
experiment  is  a  star;  and  such  a  source  has  the  added  advantage 
of  enabling  us  to  deal  with  the  speed  of  light  in  vacuo,  as  the  time 
taken  by  light  to  traverse  the  earth's  atmosphere  is  so  minute  that 
no  appreciable  time  lag  between  the  different  components  could  be 
introduced  by  the  air. 

We  have  in  the  star  Algol  (  (i  Persei)  an  almost  ideal  source  of 
light  for  such  an  experiment.  This  star  shines  ordinarily  with  a 
uniform  lustre  of  about  the  second  magnitude,  but  once  in  about 
three  days  (  niore  exactlv  2  davs,  20  hours.  48.9  minutes)  it  suf- 


94  Hcyl:  [J-  F-  I- 

fers  a  rapid  diminution  in  l^rightness  and  an  equally  rapid  re- 
covery, occupying  some  seven  hours  in  all,  and  involving  a 
change  in  brightness  of  over  one  magnitude.  This  change  has 
long  been  suspected  to  be  due  to  a  dark  body  revolving  round 
Algol  and  eclipsing  it  periodically,  and  Vogel's  measurements  of 
the  motion  of  Algol  in  the  line  of  sight  have  recently  put  this  hy- 
pothesis upon  a  pretty  sure  footing.  He  found  that  17  hours 
(one-quarter  of  the  star's  period)  before  the  minimum  the  star 
was  moving  away  from  us  with  a  maximum  speed;  and  17  hours 
after  the  minimum  the  star  was  approaching  us  with  a  maximum 
and  equal  speed.  This  is  exactly  what  should  occur  if  the  star 
were  revolving  around  the  common  center  of  gravity  of  itself  and 
a  dark  companion.  Here,  then,  we  have  a  source  of  light  in 
which  we  can  be  sure  that  all  the  components  have  their  minimum 
impressed  upon  them  at  the  same  instant. 

And  this  source  is  at  an  enormous  distance.  Two  attempts  at 
measuring  its  parallax  (by  Chandler  and  Chase,  respectively) 
gave  the  figures  0.07'"  and  o.04'^  the  only  conclusion  from  which 
is  that  the  parallax  is  certainly  less  than  o.  i'^  and  the  distance 
therefore  not  less  than  about  thirty  light  years. 

This  great  distance  enables  us  to  make  a  very  delicate  com- 
parison of  the  speeds  of  the  different  wave  lengths;  for  suppose 
two  waves  travelled  with  speeds  which  differed  by  only  one  part 
in  a  million ;  then  the  minimum  impressed  upon  the  more  rapidly 
travelling  train  of  waves  would  reach  us  one  millionth  of  thirty 
years,  i.  e.,  about  sixteen  minutes  before  the  other. 

To  carry  out  this  method  one  must  make  determinations  of  the 
intensity  of  the  different  portions  of  the  spectrum  of  the  star, 
both  visible  and  invisible,  at  intervals  during  its  waning  and  wax- 
ing. Should  all  parts  of  the  spectrum  be  found  to  have  their 
minimum  at  the  same  moment,  or,  what  amounts  to  the  same 
thing,  should  the  instant  of  minimum  for  every  region  of  the 
spectrum  be  the  same  as  the  time  of  the  visual  minimum  as  given 
by  the  ephemeris,  then  the  speed  of  travel  is  independent  of  the 
wave  length. 

In  the  experiments  here  described  the  comparisons  of  the  inten- 
sities were  made  photographically.  A  suitable  sensitive  plate  was 
exposed  to  the  spectrum  of  the  star,  and  a  number  of  successive 
and  equally  timed  exposures  were  made  on  the  one  plate,  extend- 
ing over  a  period  of  four  or  five  hours,  aiid  so  arranged  that  the 
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instant  of  visual  minimum,  as  given  by  the  ephemeries,  should  be 
midway  in  the  central  exposure  of  the  series.  If,  when  the  plate 
was  de\eloped.  every  portion  of  the  spectrum  exhibited  its  mini- 
mum of  intensity  on  the  same  photographic  image,  the  speed  is 
the  same  for  all  wave  lengths.  Should  this  image  be  not  the 
central  one  of  the  series,  it  would  mean  that  the  ephemeris  was  in 
error.  The  effect  produced  by  a  difference  of  speed  of  travel 
would  be  to  cause  the  minima  of  intensity  for  different  regions  of 
the  spectrum  to  appear  on  different  images. 

In  practice  it  was  found  impossible,  except  for  a  portion  of  the 
visible  spectrum,  to  get  any  great  range  of  the  spectrum  in  focus 
at  one  time,  and  many  plates  were  necessary.  Ordinary  commer- 
cial instantaneous  plates  (Seed)  were  used  in  photographing  the 
spectral  images ;  and  as  the  question  was  simply  one  of  the  relative 
intensities  of  the  different  portions  of  the  spectrum,  and  the 
spectral  lines  were  of  no  importance,  the  operation  was  a  compara- 
tively simple  one. 

The  photographs  were  taken  with  an  eight-inch  equatorial  tele- 
scope and  an  ordinary  photographic  camera.  The  lens  was  re- 
moved from  the  camera  and  replaced  by  a  transparent  dift'raction 
grating  (a  Wallace  replica)  so  mounted  that  it  could  be  turned 
through  any  desired  angle  while  always  remaining  parallel  to  the 
sensitive  plate.  In  this  way  a  series  of  radially  arranged  images 
could  be  taken  on  the  same  plate.  The  camera  with  the  grating 
was  attached  by  a  light  and  rigid  mounting  to  the  eye-piece  tube 
of  the  telescope.  The  optical  parts  are  shown  in  schematic  ar- 
rangement in  Fig.  I  below. 

EE^  represents  the  optic  axis  of  the  telescope :  the  image  of  the 
star  is  formed  by  the  object  glass  at  some  point  A  on  this  line. 
This  point  is  in  one  of  the  conjugate  foci  of  the  eye-piece,  BB^  of 
the  telescope:  the  other  conjugate  focus  is  at  E^  on  the  sensitive 
plate  D.  At  C  the  grating  is  interposed,  which  produces  two  tirst 
order  streak  spectra  at  F  and  G.  The  focusing  is  done  by  alter- 
ing the  distance  AB  by  moving  the  eye-piece  tube  in  and  out,  car- 
rynig  with  it  the  camera  and  grating. 

Plate  T* shows  the  appearance  of  the  spectra  thus  photographed. 


"The  photographic  effects  obtained  in  the  ne.gatives  of  the  accompany- 
ing plates  have  been  more  or  less  emphasized  in  the  positives  tor  the  pur- 
pose of  typographic  reproduction.     Editor. 


98  Hcyl:  [J-  F.  I., 

The  plate  is  merely  an  experimental  one  and  is  of  no  other  import- 
ance. Two  exposures  were  made,  turning  the  grating  through 
90'^  between  the  exposures.  It  will  be  noticed  that  the  spectral 
images  are  not  strictly  streaks,  but  widen  out  fan-wise  at  the  inner 
or  violet  end.  The  reason  is  simply  that  this  portion  is  out  of 
focus.  The  focus  was  adjusted  for  the  visual  rays,  and  the  best 
that  modern  optical  science  can  do  is  to  achromatise  a  lens  for  the 
region  from  the  red  to  the  blue.  From  this  point  out  into  the 
ultra  violet  the  focus  changes  rapidly  for  a  small  change  in  wave 
length.  The  diagram  shown  in  Fig.  II  is  taken  from  Miiller- 
Pouillet's  Lehrbuch  der  Physik,  and  shows  the  usual  relation  be- 
tween wave  length  and  focal  length  for  the  best  modern  achro- 
matic combinations. 

It  is  this  lack  of  achromatism  in  the  object  glass  of  the  tele- 
scope that  causes  the  fan  appearance.  The  object  glass  brings  to 
the  point  A  ( Fig.  I )  only  the  rays  from  the  red  to  the  blue.  The 
violet  and  ultra  violet  images  are  to  be  found  at  various  distances 
from  A  along  the  line  EE^  Consequently  the  eye-piece  cannot 
bring  them  to  a  focus  at  one  point.  And  so  rapidly  does  the 
focus  for  these  short  rays  change  with  the  wave  length  that  it 
is  impossible  to  get  more  than  a  limited  range  in  focus  at  once. 

Plates  2  and  3  w^ere  taken  with  the  eye-piece  in  different  posi- 
tions to  ascertain  where  the  eye-piece  should  be  set  in  order  to 
bring  any  particular  wave  length  into  focus.  The  eye-piece  tube 
had  engraved  upon  it  a  scale  of  centimeters  and  tenths,  by  means 
of  which  it  was  easy  to  record  and  reproduce  the  position  of  the 
eye-piece.  The  numbers  scratched  opposite  the  images  on  the 
plates  refer  to  this  scale. 

The  determination  of  the  wave  length  was  thus  effected :  The 
ruled  surface  of  the  grating  w' as  always  1 5  cm.  from  the  sensitive 
plate,  and  carried  5684  lines  to  the  centimeter.  To  determine  the 
W' ave  length  of  any  point  it  is  necessary  merely  to  measure  its  dis- 
tance from  the  undeviated  central  image  of  the  star,  or,  w'hat  is 
preferable,  half  the  distance  between  corresponding  points  on  op- 
posite spectra,  and  a  simple  trigonometrical  calculation  furnishes 
the  wave  length. 

In  measuring  these  distances  the  plate  4  is  useful.  It  is  merely 
an  engraved  scale  of  millimeters.  The  following  table  then  gives 
the  wave  lengths : 
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Distance. 

Wave  length. 

Distance. 

Wave  length 

(from  center.) 

cm. 

/i//. 

cm. 

f^l^. 

2.0 

232 

2.8 

324 

2. 1 

244 

2.9 

334 

2.2 

255 

3.0 

345 

2.3 

267 

31 

356 

2.4 

278 

i-2 

367 

2.5 

289 

3-3 

378 

'     2.6 

301 

3-4 

389 

2.7 

312 

3.5 

400 

3.6 

411 

4.1 

463 

3-7 

422. 

4.2 

474 

3.8 

432 

4-3 

484 

3-9 

443 

4.4 

494 
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DISCUSSION   OV  THE   PLATES. 

The  plates  taken  during  the  minimum  of  Algol  may  be  divided 
into  two  series,  those  taken  in  1905  and  those  taken  in  1906.  The 
series  of  1905  includes  numbers  5  to  10,  and  the  series  of  1906 
the  subsequent  numbers.  Most  of  the  plates  were  de\eloped  by 
ferrous  oxalate,  to  obtain  the  clear  glass  effect  where  there  was 
no  photographic  image ;  but  some  of  the  plates  were  developed  by 
hydrochinon,  and  these  are  easily  recognized  by  the  darker  char- 
acter of  the  background.  There  are  but  a  few  plates  in  each 
series  because,  first,  the  season  during  which  the  star  is  in  a  suita- 
ble position  for  an  extended  series  of  photographs  lasts  only 
about  four  months,  from  September  to  January;  and  second,  be- 
cause there  are  only  some  nine  or  ten  minima  of  Algol  available 
during  the  season,  the  others  happening  during  daylight  or  so 
close  to  sunrise  or  sunset  as  to  be  useless ;  and  third,  one  must  ex- 
pect these  nine  or  ten  to  be  still  further  reduced  by  cloudy  weather. 
The  scheme  of  observations  is  rather  exacting  in  its  weather 
recjuirements,  as  the  star  should  remain  unclouded  for  over  four 
hours.  However,  a  partially  completed  set  of  exposures  is  not 
without  evidential  value. 

.All  the  plates  of  the  1905  set  are  affected  with  a  small  error  in 
the  time  of  minimum  as  marked  on  the  plate,  a  subtractive  correc- 
tion amounting  to  about  six  minutes  for  October  and  seven  for 
November.  The  times  of  maximum  for  that  year  were  taken 
from  the  ephemeris  published  each  month  in  the  astronomical  col- 
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limn  of  "Nature,"'  and  it  was  afterward  discovered  that  these 
times,  although  not  so  specified,  were  really  heliocentric,  that  is, 
not  corrected  for  the  time  taken  by  light  to.  cross  the  orbit  of  the 
earth.  \\'ere  Algol  90°  from  the  ecliptic  this  correction  would 
vanish;  but  the  angle  is  only  about  22°,  and  the  speed  of  light 
must  be  taken  into  consideration.  This  error  is  not  sufficiently 
large  to  be  serious,  as  we  shall  see  in  discussing  the  separate 
plates.  In  all  plates  of  the  1906  series  the  time  is  correctly 
marked.  We  shall  consider  the  plates  in  their  chronological 
order. 

PLATES  5  AND  6.   MINIMUM,  3.O2  A.M.,  OCTOEER  I3,  I9O5. 

It  was  customary  to  expose  two  plates  each  night,  each  to  a  dif- 
ferent region  of  the  spectrum.  All  the  exposures  on  plate  5 
lasted  fifteen  minutes,  and  were  arranged  symmetrically  in  time 
before  and  after  the  supposed  time  of  minimum,  3.08  A.^I.  The 
exposures  on  plate  6  were  likewise  symmetrical,  but  were  ten  min- 
utes each.  A  study  of  the  following  time  table,  observed  on  this 
occasion,  will  make  clear  how  this  was  accomplished. 

Plate  5.  Plate  6. 

I . 00- I . I ; 


1-30-1.45 
2.00-2. 15 
2.30-2.45 
3-00-3.15 
3-30-3-46 
4.00-4.15 

4-30-4-45 
5.C0-5.15 


I .17-1.27 

I -47-1 -57 
lacking 
2-47-2-57 
3-17-3-27 
3-48-3-58 
4.17-4.27 
4-47-4-57 


These  exposures  were,  of  course,  not  left  entirely  to  the  driving 
clock  of  the  telescope,  but  were  constantly  guided  by  the  help  of  a 
long  finder  attached  to  the  instrument.  The  two  or  three  minute 
interval  between  exposures  sufficed  for  the  performance  of  the  fol- 
lowing operations :  turning  the  grating  slightly,  changing  the 
plate-holder,  and  altering  the  focus.  By  2.15  A.M.  the  star  had 
passed  the  zenith,  and  it  was  necessary  to  reverse  the  telescope, 
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Plate  15. 

Minimum   of  November   7,   1906.     Shortest  wave  length,  345   /.//. 


Plate  16. 
Mininmm  of  November  30,  1906.     Shortest  wave  length,  300  /i/i 
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swing  it  to  the  other  side  of  the  pillar  and  re-sight  it.  This  took 
more  time  than  was  available  in  the  scheduled  interval,  and  con- 
sequently the  third  exposure  on  plate  6  had  to  be  omitted.  Dur- 
ing the  si.xth  exposure  on  plate  5  something  attached  to  the  mech- 
anism of  the  right  ascension  regulating  screw  slipped  out  (jf 
place.  The  exposure  was  stopped  at  once,  and  the  loose  piece  ad- 
justed. This  took  nearly  a  minute.  The  exposure  was  started 
again  after  one  minute  had  elapsed,  and  was  extended  one  minute 
later  than  usual.  This  necessitated  advancing  the  next  exposure 
one  minute  to  gain  sufficient  time  for  the  necessary  changes.  The 
night  was  entirely  cloudless.  Occasi<jnally  a  faint  puff  of  smoke 
from  a  neighboring  chimney  would  pass  across  the  star,  but  this 
never  occupied  more  than  a  second  and  happened  during  nearly 
every  exposure,  so  that  its  effect  on  the  intensity  of  the  image  may 
be  neglected. 

By  looking  through  these  plates  at  a  white  surface,  not  too  bril- 
liantly lighted,  the  best  effect  is  obtained.  It  will  be  seen  that  the 
spectral  images  decrease  gradually  in  intensity  and  then  increase. 
While  the  fifth  exposure  on  plate  5  is  really  the  minimum  it  is  im- 
possible to  detect  any  certain  difference  of  intensity  between  this 
image  and  the  ones  adjoining  it  on  either  side,  taken  half  an 
hour  before  and  after.  This  shows  that  the  six  minute  error 
above  mentioned  is  a  negligible  quantity.  Yet  while  we  cannot 
with  safety  locate  the  minimum  visually  within  a  half  hour  the 
whole  symmetry  of  the  two  series  of  images  on  this  plate  makes  it 
certain  that  the  minimum  cannot  be  shifted  as  much  as  one  hour 
from  the  time  of  the  visual  minimum  as  given  by  the  ephemeris. 
As  already  mentioned,  a  difference  in  speed  of  one  part  of  a  mil- 
lion would  produce  a  time  lag  of  at  least  a  quarter  of  an  hour,  and 
jjn^bably  more,  due  to  the  uncertainty  as  to  the  star's  distance. 
Consequently,  the  rays  photographed  on  this  plate  do  not  differ  in 
speed  from  the  rays  of  the  visible  spectrum  by  as  mud)  as  one 
part  in  about  two  hundred  and  fifty  thousand.  Measuring  the 
wave  lengths  by  means  of  plate  4  and  the  table  given  abo\  e  it  will 
be  found  that  the  rays  on  this  plate  are  comprised  within  a  range 
of  from  about  373  to  383/z«.  While  the  limit  of  visibility  var- 
ies somewhat  with  different  observers  it  may  be  considered  to  lie 
approximately  at  the  violet  potassium  line,  of  a  wave  length 
404//./< .  'I'he  rays  on  this  plate  are  then  entirely  in  the  ultra 
violet. 
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In  plate  6  the  range  of  wave  lengths  is  between  416  and 
468///-/  ,  entirely  in  the  visible  region.  The  minimum  is  supposed 
to  lie  between  the  fourth  and  fifth  images  (counting  the  missing 
one)  and  certainly  cannot  be  more  than  one  hour  from  this.  Con- 
sequently the  speed  of  these  visible  rays  cannot  differ  from  that  of 
the  ultra  violet  rays  on  plate  5  by  as  much  as  one  part  in  a  quarter 
of  a  million. 

There  is  one  other  important  point  shown  by  these  plates.  The 
star  passed  the  meridian  a  little  before  the  central  exposure  of  the 
series,  and  had  atmospheric  absorption  any  sensible  effect  the  in- 
tensities of  the  images  after  minimum  would  have  been  rendered 
more  nearly  uniform  than  those  of  the  first  half  of  the  series.  We 
may  conclude,  then,  that  for  the  purpose  of  this  method  a  dis- 
tance of  as  much  as  three  hours  from  the  meridian  exerts  no  effect 
upon  the  intensity  of  the  image  that  is  comparable  with  that  pro- 
duced by  the  star's  own  change  in  brightness. 

PLATES  7  AND  8.       MINIMUM  4.44  A.   M.^  NOVEMBER  2,    I9O5. 

This  minimum  happened  so  near  the  morning  twilight  that  only 
the  first  or  waning  half  was  available.  The  following  is  the  time 
table,  supposing  the  minimum  to  have  been  at  4.51  A.M. : 

Plate  7.  Plate  8. 

2.13-2.28 
2.30-2.40 

2.43-2.58 
3.00-3.10 

3.13-3.28 
3.30-3.40 

3 -43-3  08 
4.00-4. 10 

4.13-4.28 
4.30-4.40 

An  exposure  on  plate  8  was  started  at  4.43,  but  a  faint  haze 
came  over  the  sky  almost  at  once,  and  the  series  was  terminated. 
During  the  rest  of  the  night  the  weather  conditions  were  perfect. 
On  both  plates  the  images  decrease  steadily  until  the  end,  and  we 
may  safely  assert  that  the  minimum  for  the  rays  there  represented 
does  not  happen  as  much  as  one  hour  earlier  than  the  ephemeris 
time;  consequently  the  speed  of  these  rays  cannot  be  greater  than 
that  of  the  visible  rays  by  one  part  in  a  quarter  of  a  million.  The 
rays  on  plate  7  are  between  370  and  S/Suu ,  and  those  on  plate  8 
between  378  and  389.     Both  plates  deal  entirely  with  the  ultra 
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violet.     On  this  date  the  star  crosses  the  mericHan  about  half  past 
twelve. 


PLATES   9   AND    10.       NOVEMBER    5,    I905.        MINIMUM,   1. 32  A.   M. 
CULMINATION,    ABOUT     12. 1 5    A.     M. 


The  time  table  for  these  plates  was  as  follows 

Plate  9.  Plate  10. 

II. 31-11 .46 


12. 01-12. 16 
12. 31-12.46 
1 .01-  1 .16 
1. 31-  1.46 
2.01-  1. 16 
2.31-  2.46 
301-  3.16 
3-31-  346 


1 1. 49-1 1. 59 
12. 19-12.29 
12.49-12.59 
1. 19-  1 .29 
1.49-  1.59 
2.19-  2.29 
2.49-  2.59 
319-  329 


In  the  above  time  table  the  minimum  was  supposed  to  occur  af 
1.39  A.M. 

These  plates  show  certain  irregularities  which  are  not  to  be 
accounted  for  by  passing  clouds,  as  the  w^eather  conditions  were 
apparently  perfect.  In  plate  9  it  \\\\\  be  noticed  that  the  images 
numbered  7,  8  and  9  are  very  much  darker  than  number  i,  al- 
tliough  in  the  latter  the  star  was  near  the  zenith  and  in  the  former 
about  two  hours  past  it.  Moreover,  the  minimum  is  much  more 
difficult  to  detect  than  in  any  of  the  preceding  plates.  It  is  cer- 
tain, however,  that  i  is  darker  than  2.  This  may  be  seen  to  better 
effect  by  looking  through  the  plate  at  a  gas  flame  covered  by  an 
opaque  globe,  such  as  covers  Welshbach  mantles,  and  holding  the 
plates  so  that  the  images  lie  a  little  off  the  globe  and  exhibit  an 
opalescent  effect.  The  minimum  is  theoretically  at  number  5.  but 
should  it  be  shifted  as  far  forward  as  3,  and  more  than  this  cannot 
possibly  be  claimed,  the  difference  in  speed  could  not  exceed  one 
part  in  a  (|uarter  of  a  million.  The  range  of  wave  lengths  on  this 
plate  is  from  383  to  400  ««. 

In  plate  10  very  much  the  same  conditions  prevail;  in  addition, 
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6  is  certainly  much  fainter  than  5,  akhough  the  brightness  of  the 
star  is  on  its  upward  path.  It  happens,  however,  that  a  previous 
plate  (number  6)  covers  the  same  range  of  wave  lengths  as  shown 
in  plate  10,  and  gives  a  regular  minimum.  It  must  be,  therefore, 
that  the  irregularity  referred  to  was  the  result  of  some  disturbance 
peculiar  to  the  evening  on  which  plate  10  was  taken,  and  of  a  na- 
ture not  to  be  detected  by  the  eye.  It  may  have  been  some  change 
in  humidity  or  temperature  in  the  upper  layers  of  the  atmosphere 
which  produced  a  weakening  of  the  spectrum  at  that  point  and 
that  time.  Possibly  the  very  strongly  marked  final  images  and 
the  obscure  minimum  on  poth  plates  may  have  been  due  to  a  pro- 
gressive increase  in  the  transparency  of  the  atmosphere  for  the 
violet  and  ultra-violet  rays  during  the  night.  It  is  obviously  im- 
possible to  follow  such  changes  by  observing  the  atmospheric  con- 
ditions in  the  neighborhood  of  the  telescope,  as  observations  in 
order  to  be  effective  would  have  to  be  made  all  the  way  up  to  the 
top  of  the  atmosphere. 

PLATES   II   AND   12.       MINIMUM    12.  o6  A.   M.,  SEPTEMBER   5.    I906. 
CULMINATLON,    4    A.    M. 

The  dark  background  of  these  plates  is  due  to  their  having  been 
developed  by  hydrochinon.  The  early  part  of  the  night  was 
cloudy,  and  but  little  more  than  the  last  or  waxing  half  of  the 
eclipse  could  be  photographed.     The  time  table  follows  : 

Plate  II.  Plate  12. 

II .30-11 .42 


12.00-12. 12 

12.30-12.42 

1 .00-  1 .  12 

1.30-  1.42 

2.00-  2.12 


II. 45-11. 57 

12. 15-12.27 

12.45-12.57- 

I. 15-  1-27 

1-45-  1-57 


On  both  plates  there  is  readily  recognized  a  well  marked  in- 
crease in  the  intensity  of  the  images  after  the  first  two.  The 
minimum  consequently  cannot  be  as  much  as  one  hour  later  than 
the  minimum  of  the  visual  rays,  and  the  speed  cannot  be  less  than 
that  of  the  visible  rays  by  as  much  as  one  part  in  a  quarter  of  a 
million. 
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The  dark  background  makes  it  difficult  to  measure  wave  lengths 
on  plate  11,  but  plate  12  is  clearer,  and  the  shortest  wave  lengths 
reached  is  about  365/i//.  Plate  13  (about  to  be  described)  tells 
us  that  the  shortest  wave  lengths  reached  on  plate  1 1   is  about 

PLATE    13. 

'J'his  is  merely  an  experimental  plate,  exposed  for  half  hour  in- 
tervals at  three  different  foci,  to  determine  the  wave  lengths 
reached.  It  will  be  noticed  that  the  third  exposure,  reaching  a 
wave  length  of  about  345//// ,  is  very  much  fainter  than  the  two 
others.  Either  there  is  an  absorption  band  in  this  region  or  we 
are  approaching  the  end  of  the  star's  spectrum.  The  exposure  in 
each  case  was  half  an  hour. 

PLATE  14.   MINIMUM  OF  OCTOBER  1 5,  I906,  3.29  A.  M.   CULMI- 
NATION, ABOUT  1.30  A.  M. 

But  one  plate  was  taken  on  this  occasion,  on  account  of  the 
greater  length  of  exposure  necessary.  The  time  from  1.44  to  5.14 
was  divided  into  seven  half-hour  exposures,  central  about  the  time 
of  minimum.  Through  an  accidental  displacement  of  the  grating 
tiie  fourth  or  central  exposure  was  lost,  and  the  plate  shows  only 
the  three  before  and  the  three  after  minimum.  Very  little  may  be 
safely  gathered  from  the  images  on  this  plate;  the  images  are  all 
too  faint,  and  the  minimum  is  not  all  definite.  The  shortest  wave 
length  reached  is  about  345///'  •  This  region  of  the  spectrum  was 
rephotographcd  on  the  next  available  occasion  with  a  longer  ex- 
posure, and  is  shown  in 

PLATE  15.       MINIMUM  OF  NOVEMBER  J,  I906.  2. GO  A.   .\L       CULMI- 
NATION ABOUT  MIDNIGHT. 

The  time  ta])le  for  this  plate  was  as  follows : 

II.OO-IJ.OO 

1.30-  2.30 
4.00-  5.00 

central  about  the  time  of  minimum.  It  will  be  noted  that  in  ad- 
dition to  increasing  the  length  of  the  exposure  the  first  and  last 
exposure  are  placed  somewhat  farther  from  the  minimum  than 
was  the  case  with  any  of  the  preceding  plates.     The  middle  of  the 
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terminal  exposure  is  in  each  case  two  and  a-half  hours  from  the 
minimum,  while  in  the  previous  plates  it  never  exceeded  two 
hours.  This  was,  of  course,  to  obtain  a  greater  difference  in  the 
intensities  of  the  end  and  central  images. 

In  examining  this  plate  the  first  thing  that  w^ill  be  noticed  is  that 
the  images  on  the  right  are  much  darker  than  those  on  the  left. 
This  may  have  been  caused  by  using  a  portion  of  the  grating 
which  threw  more  light  to  one  side  than  to  the  other.  There  is  a 
very  definite  minimum  evident ;  in  fact  the  central  exposure  cannot 
be  seen  at  all  on  the  right,  and  can  be  detected  only  with  difficulty 
on  the  left.  In  looking  for  this  image  it  will  aid  in  its  detection 
if  one  notes  that  the  images  are  somewhat  parabolic  in  shape  with 
a  dark  nucleus  at  the  vertex.  On  the  left  side,  the  "comet's  tail" 
of  number  3  is  considerably  darker  where  the  tail  of  number  2 
intersects  it,  and  having  found  this  point  it  is  easy  to  see  the  nu- 
cleus of  2.  We  may  conclude  that  the  minimum  for  these  wave 
lengths  cannot  occur  as  much  as  one  hour  from  the  time  of 
minimum  of  the  visible  rays,  else  the  central  image  would  be 
about  equal  in  intensity  to  one  of  the  end  ones.  The  visible 
transparency  of  the  atmosphere  was  perfect  throughout  the  night. 
Certain  fifth  magnitude  stars  in  the  neighborhood  of  Algol  were 
used  as  tests  for  this,  and  w^ere  plainly  visible  at  all  times  during 
the  exposure.  We  may  say  then  that  the  speed  of  ultra  violet 
light  as  far  out  as  345  /i/i  does  not  differ  from  the  speed  of  the 
visible  rays  by  as  much  as  one  part  in  a  Cjuarter  of  a  million. 

PLATE  16.   MINIMUM  OF  NOVEMBER  30,  I906.  12. 3I  A.  M.   CUL- 
MINATION, ABOUT  10.20  P.  M. 

Three  exposures  were  made  on  this  occasion  as  follows : 

,  lO.OI-II.OI 

12.01-  I. 01 
2.01-  3.01 

The  focus  was  adjusted  so  as  to  reach  rather  far  into  the  ultra 
violet,  and  the  plate  shows  a  wave  length  of  about  300  ///. 
The  images  are  extremely  faint,  but  can  be  located  by  aid  of  the 
numbers  scratched  on  the  plate.  The  images  are  shaped  like 
parabolas,  and  may  best  be  seen  by  viewing  the  plate  by  reflected 
light  against  the  background.  If  a  gas  flame  is  used  the  reflection 
of  the  flame  should  appear  on  the  plate  a  little  to  one  side  of  where 


Au„..  19C7.J  Speed  of  the  Invisible  Portions  of  the  Spectrum.       109 

the  images  are  supposed  to  be.     The  number  hes  between  the  im- 
ages and  the  central  image  of  the  star. 

The  images  on  this  plate  exhibit  a  well-marked  minimum,  al- 
though the  first  of  the  three  is  in  each  case  somewhat  lighter  than 
the  third.  The  middle  of  the  terminal  exposures  being  two  hours 
from  the  time  of  minimum,  we  may  safely  say  that  the  minimum 
for  the  rays  here  represented  cannot  have  been  shifted  by  as  much 
as  one  hour  from  the  time  of  minimum  of  the  visible  rays,  else  the 
central  image  would  be  as  dark  as  one  of  the  end  ones ;  conse- 
quently there  cannot  be  a  difference  of  speed  as  great  as  one  part 
in  a  quarter  of  a  million. 

RESUME. 

The  plates  submitted  with  this  memoir  cover  (somewhat  dis- 
continuously )  the  region  of  the  spectrum  lying  between  wave 
lengths  of  468 /za  in  the  blue  to  300 /7//  in  the  ultra  violet.  The 
end  of  the  visible  spectrum  is  assumed  to  lie  at  about  400  u/jl. 
The  speed  of  the  rays  within  this  range  is  constant  to  one  part  in 
a  quarter  of  a  million. 

It  has  long  been  recognized  that  the  speed  of  the  visible  rays  of 
the  spectrum  is  constant  to  a  high  degree  of  accuracy,  but  so  far 
as  the  author  is  aware  there  has  never  been  heretofore  any  experi- 
mental determination,  either  absolute  or  relative,  of  the  speed  of 
the  ultra  violet  rays.  Their  speetl.  as  well  as  that  of  the  ultra 
red  rays,  has  on  theoretical  grounds  been  believed  to  be  the 
same  as  that  of  the  visible  rays.  The  experimental  confirmation 
of  this  belief  for  the  ultra  violet  rays  adds  weight  to  the  generally 
received  opinion  as  regards  the  ultra  red  end  of  the  spectrum. 

A  FEW  WORDS  CONCERNING  THE  ULTRA   RED   RAYS. 

The  method  described  in  this  memoir  being  photographic  in  its 
nature  it  would  seem  hopeless  to  attempt  to  apply  it  to  the  ultra 
red  portion  of  the  spectrum ;  yet  this  matter  was  carefully  tested. 
As  much  as  twenty  years  ago  plates  were  made  by  Abney  which 
were  sensitive  as  far  as  1000 tin,  although  a  very  long  exposure 
was  required  for  this. 

The  preparation  of  these  plates  is  unusually  difficult,  and  they 
do  not  keej)  well.  Those  who  have  attempted  to  repeat  Abney's 
experiments  have  usually  failed,  and  the  author  forms  no  excep- 
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tion  to  this  statement.  However,  Lehmann*  has  of  recent  years 
pubhshed  a  method  of  obtaining  with  comparative  ease  a  plate 
which  is  sensitive  as  far  into  the  ultra  red  as  Abney's.  He  stains 
an  ordinary  instantaneous  plate  in  an  ammonical  solution  of 
nigrosin  and  alizarine  blue  S,  containing  a  small  amount  of  silver 
nitrate.  The  author  has  carefully  tested  Lehmann's  formula  and 
succeeded  in  reaching  a  wave  length  of  \ooo  ii. a  with  a  Welsbach 
mantle  as  the  source  of  light ;  but  the  attempt  to  use  these  plates 
on  the  stars  showed  at  once  that  the  exposure  required  would  be 
prohibitive,  occupying  in  fact  more  than  a  whole  night. 

It  might  be  possible  with  a  rotating  mirror  apparatus,  such  as 
used  by  Michelson  and  Newcomb,  and  a  bolometer  to  locate  the 
ultra  red  image,  to  obtain  a  result  for  the  ultra  red  rays  accurate 
to  one  part  in  a  thousand,  possibly ;  but,  as  has  been  pointed  out  in 
the  early  part  of  this  memoir,  it  would  not  be  worth  the  great  ex- 
penditure of  time  and  trouble  to  apply  to  the  solution  of  this 
point  a  method  whose  results  were  of  so  approximate  a  nature,  t 

Appendix  A. 

THE    BOYDEN    PREMIUM. 

In  1859,  Uriah  A.  Boyden,  Esq.,  of  Boston,  Mass,  deposited  with  the 
Franklin  Institute  the  sum  of  one  thousand  dollars,  to  be  awarded  as  a 
premium  to  "Any  resident  of  North  America  who  shall  determine  by  ex- 
periment whether  all  rays  of  light,  and  other  physical  rays,  are  or  are  not 
transmitted  with  the  same  velocity."* 

The  following  conditions  were  established  for  the  award  of  this  Pre- 
mium: 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may 
be  a  competitor  for  the  Premium;  the  southern  boundary  of  Mexico  being 
considered  as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  the  Franklin 
Institute  a  memoir  describing  in  detail  the  apparatus,  the  mode  of  ex- 
perimenting, and  the  results;  and  all  memoirs  received  by  him  before  the 
first  day  of  January,  one  thousand  nine  hundred  and  eight  will,  as  soon  as 
possible  after  this  date,  be  transmitted  to  a  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  shall,  before  the 
first  day  of  January,  one  thousand  nine  hundred  and  eight,  select  three  citi- 
zens of  the  United  States  of  competent  scientific  ability,  to  whom  the 
memoir  shall  be  referred;  and  the  said  Judges  shall  examine  the  memoir 

*Arch-  fiir  Wissensch-  Photog-  II,  216,  1900.      See  also  Baly's  Spectroscopy. 

tThe  author,  now  that  his  identity  is  disclosed,  desires  to  record  his 
obligation  to  his  colleague.  Prof.  M.  B.  Snyrfer.  for  placing  at  his  dis- 
posal the  telescope  of  the  Central   High   Schocl. 
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and  report  to  the  Franklin  Institute  whether,  in  their  opinion  any,  and,  if 
so,  which  of  the  memoirs  is  worthy  of  the  premium.  And,  on  their  report, 
The  Franklin  Institute  shall  decide  whether  the  Premium  shall  be  awarded 
as  recommended  by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto 
or  sign  by  which  it  can  be  recognized  and  designated,  and  shall  be  accom- 
panied by  a  sealed  envelope,  endorsed  on  the  outside  with  some  motto  or 
sign,  and  containing  the  name  and  address  of  the  author  of  the  memoir. 
It  shall  be  the  duty  of  the  Secretary  of  the  Franklin  Institute  to  keep  these 
envelopes  securely  and  unopened  until  the  Judges  shall  have  finished  their 
examination;  when,  should  the  Judges  be  of  opinion  that  any  one  of  the 
memoirs  is  worthy  of  the  Premium,  the  corresponding  envelope  shall  be 
opened,  and  the  name  of  the  author  communicated  to  the  Institute.  The 
sealed  envelopes  accompanying  unsuccessful  memoirs  will  be  destroyed 
unopened,  in  the  presence  of  the  Board  of  Managers. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments 
described  in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  Premium  shall  become  the  property 
of  the  Franklin  Institute,  and  shall  be  published  as  it  may  direct. 


*The  problem  has  been  more  specifically  defined  by  the  Board  of  Man- 
agers as  follows: 

"Whether  or  not  all  rays  in  the  spectrum  known  at  the  time  the  offer 
was  made,  namely,  March  2^,  1859,  and  comprised  between  the  lowest 
frequency  known  thermal  rays  in  the  infra-red.  and  the  highest  frequency 
known  rays  in  the  ultra-violet,  which  in  the  opinion  of  the  Committee  lie 
between  the  approximate  frequencies  of  2  x  10"  double  vibrations  per 
second  in  the  infra-red,  and  8  xio"  in  the  ultra-violet,  travel  through  free 
space  with  the  same  velocity." 

Appendix  B. 
report  of  the  committee  of  judges 

On  the  foregoing  Memoir  submitted  by  the  author  under  the  pseudonym 

'•Algol." 

To  the  President  and  Members  of  The  Franklin  Institute: 

Regarding  the  application  by  "Algol"  for  the  Boyden  Premium,  we 
respectfully  report  that  the  applicant  has  demonstrated  by  experiment 
that  the  velocities  of  the  visible  and  the  ultra-violet  rays  are  equal,  the 
method  of  observation  yielding  such  a  degree  of  accuracy  that  the  maxi- 
mum of  possible  error  cannot  exceed  one  part  in  two  hundred  and  fifty 
thousand.  This  degree  of  accuracy  the  Board  of  Judges  deems  to  be  much 
in  excess  of  that  usually  expected  in  problems  of  this  character.  The  ap- 
plicant has  accordingly  furnished  the  required  proof  as  regards  the  relation 
of  the  visible  and  the  ultra-violet  rays.  The  experimental  proof  as  re- 
gards the  infra-red  rays  remains  still  lacking,  the  method  adopted  in  this 
memoir  not  being  suited  for  those  rays. 

The  Committee,  however,  considers  the  work  presented  to  be  of  such  a 
high    characttr    as    to    be    eminently    worthy    of    distinct    recognition    and 
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strongly  recommends  that  the  applicant  be  awarded  the  sum  of  One  Thou- 
sand Dollars  ($i,ooo)  from  the  accumulated  Boyden  fund,  the  surplus  being 
retained  by  the  Institute  to  be  awarded  to  any  one  who  may  in  future  solve 
the  same  problem  in  regard  to  the  infra-red  rays. 

The  Judges  desire  to  reserve  the  right  of  witnessing  one  of  the  experi- 
ments if  in  their  judgment  they  deem  it  desirable  after  learning  the  name  of 
the  applicant. 

(Signed) 

Hugo  Bilgram, 
Arthur   W.    Goodspeed, 
George  F.  Stradling. 
Philadelphia,  Pa.,  June  12,  1907. 

To  the  President  and  Members,  Franklin  Institute: 

The  Coimmittee  of  Judges,  after  learning  the  name  of  the  applicant  re- 
ferred to   in  preceding  report,  has  unanimously  decided  that  any   further 
experimental  demonstration  of  the  problem  is  unnecessary. 
(Signed) 

Hugo  Bilgram, 
Arthur   W.    Goodspeed, 

George  F.  Stradling. 
Philadelphia,  Pa.,  June  14,  1907. 

Appendix  C. 
At  the  stated  meeting  of  the  Franklin  Institute  held  Wednesday,  June 
19,  1907,  the  following  resolution  of  the  Board  of  Managers  was  reported, 
viz.: 

"Resolved,  That  the  Board  of  Managers  hereby  recommends  to 
the  Institute  the  approval  of  the  report  of  the  Judges  upon  certi- 
fication from  the  Judges  that  they  consider  any  further  experi- 
mental deimonstrations  unnecessary."  (A  certification  to  this  effect, 
signed  by  all  the  Judges,  was  found  appended  to  the  Judges' 
report.) 

A  motion  was  thereupon  unanimously  passed,  confirming  the  award  as 
recommended  by  the  Judges  and  endorsed  by  the  Board  of  Managers  at 
its  stated  meeting  held  Wednesday,  June   12,   1907. 

Wm.  H.  Wahl,  Secretary. 
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Section  of  Physics  and  Chemistry. 

(Stated  Meeting  held  Thursday,  October  11,  1906.) 


A  Resume    of    the    Literature   of    the   N    Rays,    the   N,    Rays, 
the    Physiological   Rays  and   the   Heavy  Emission, 
With    a    Bibliography/'' 


George  Flowers  Stradling,  Ph.D. 


(Continued from  vol.  clxiv.,  p.  />/.) 

Juyie,  1904. — Blondlof*^  takes  up  the  thread  of  his  work,  say- 
ing that  Becquerel's  discovery  of  the  brightening  of  the  phos- 
phorescent screen  being  due  to  the  effect  of  the  N  rays  on  the  eye 
and  not  on  the  screen  shows  why  photography  cannot  be  used  to 
show  the  brightening  of  the  screen.  He  contends,  "however,  that 
the  brightening  of  the  electric  spark  is  not  due  to  the  action  of 
N  rays  on  the  retina,  because  the  interposition  of  water  causes  no 
change  in  the  appearance  of  the  spark.  The  efifect  on  a  heated 
sheet  of  platinum  is  also  unchanged  by  the  interposition  of  water. 

Blondiof*^  announced  his  discovery  of  a  new  property  of  mat- 
ter, that  of  projecting  spontaneously  and  continuously  an  emis- 
sion subject  to  gravity  and  detected  by  its  brightening  a  Ca  S 
screen.  A  coin  is  held  at  any  distance  vertically  over  a  screen. 
The  latter  grows  brighter,  provided  both  screen  and  coin  are 
horizontal.  If,  however,  the  coin  is  beneath  the  screen  and  more 
than  6  cni.  away  the  efifect  fails  to  appear.  Copper,  zinc,  lead, 
wet  cardboard  acted  as  the  coin  did,  while  gold,  platinum,  glass, 
dry  cardboard  did  not  show  the  effect. 

When  the  coin  was  put  in  a  vertical  plane  the  effect  of  brighten- 
ing was  found  along  two  curves,  one  on  each  side  of  the  coin. 
They  seemed  not  to  be  parabolas. 


*  Numerals  abo^e  the  line  refer  to  the  numbers  of  papers  in  the  bibliography  at  the 
end  of  this  article. 
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The  emission  passes  through  a  sheet  of  paper  or  cardboard  and 
even  a  plank  2  cm.  thick.  A  pane  of  glass  stops  it,  by  causing  it 
to  rebound. 

A  fortnight  later  Blondlof^^  states  that  a  magnetic  field  deflects 
the  jet  of  the  ponderable  emission,  and  that  it  appears  to  resem- 
ble an  electric  current.  The  original  jet  was  separated  by  the 
magnetic  field  into  three,  one  of  which  showed  no  electrical 
charge,  the  remaining  two  showing  positive  and  negative  charges 
respectively.  The  two  jets  acted  on  by  the  magnetic  field  were 
deflected  by  an  electric  field  also,  the  directions  of  deviation  in 
the  two  cases  being  consistent.  The  ponderable  emission  is  car- 
ried along  by  air  currents,  and  resembles  the  N  rays  in  its  action 
on  the  electric  spark. 

In  a  paper  of  the  same  date  the  same  physicist^^  announces 
some  small  improvements  in  the  photographic  method  of  regis- 
tering the  eft'ect  of  the  N  rays  on  the  electric  spark.  He  intro- 
duces an  aluminium  lens  to  concentrate  the  rays  upon  the  spark. 

I'ive  papers  appeared  from  the  pen  of  Charpentier  this  month. 
He  finds^"'^^  additional  reason  for  asserting  that  a  Ca  S  screen, 
mounted  upon  an  object  which  affects  one  of  the  senses,  grows 
brighter  when  brought  near  a  part  of  the  brain  especially  con- 
nected with  that  sense. 

One  paper^^  is  practically  the  same  as  that  of  one  of  the  pre- 
vious month. '''^ 

He  finds  that  thermal  sensibility  is  increased  by  the  N  rays  and 
lessened  by  the  N^  rays.  Put  cold  water  in  a  test  tube  and  pour 
hot  water  on  top.  Put  the  finger  on  the  outer  surface  of  the 
tube  where  the  glass  feels  hot.  The  approach  of  a  source  of 
N  rays  makes  the  glass  feel  hotter.  When  the  finger  is  in  con- 
tact with  a  cold  object  the  sensation  is  made  more  intense  by  the 
N  rays.  He  thinks  the  N  rays  produce  an  increase  of  tactile  dis- 
crimination.^° 

Since  both  sonorous  and  nervous  vibrations  act  on  the  phos- 
phorescent screen,  they  will  produce  a  greater  effect,  if  their 
periods  are  the  same.  Charpentier  uses  this  to  determine  the  fre- 
quency of  nervous  vibrations,  finding  it  to  be  about  830- ^•^''  per  sec. 

Colson^*^*  continued  his  investigation  of  the  production  of  N 
rays  by  chemical  action. 

Gutton,^''^  who  had  previously  investigated  the  effects  of  the 
magnetic  field  and  of  electric  waves  on  the  phosphorescent  screen. 
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now  contributes  a  paper  bearing  exclusively  upon  the  X  rays.  A 
spectrum  was  formed  of  light  from  which  the  N  rays  had  been 
removed.  The  violet  end  appeared  brighter  when  X  rays  fell 
either  upon  the  eye  of  the  observer  or  upon  the  surface  receiving 
the  spectrum.  This  effect  decreased  from  the  violet  toward  the 
red  end,  disappearing  at  the  red.  [Moreover  the  visible  spectrum 
was  prolonged  toward  the  ultra-violet. 

BecquereP*^  proceeds  with  his  study  of  anjesthetics.  He  found 
that  heating  a  body  develops  Xj  rays  when  expansion  is  produced. 
but  X  rays  when  contraction  follows. ^^  Prince  Rupert  drops 
emit  Nj  rays  parallel  to  the  length,  and  X  rays  perpendicular  to 
this  direction.  Alcohol  has  less  effect  on  emission  than  chloro- 
form. 

He  finds  that  both  X  and  Xj  rays  cease  to  act  on  the  Ca  S 
screen  after  they  have  passed  through  a  magnetic  field  in  a  di- 
rection perpendicular  to  the  lines  of  force.  Passage  along  the 
lines  of  force  makes  no  difference.  He  unearths  analogies  be- 
tween the  action  of  radium  and  of  the  X  rays  and  concludes  that 
the  X  and  Xj  rays  consist  of  an  undulatory  effect  and  of  a  mater- 
ial emission  combined. ^- 

Bichat^^  found  that  connecting  to  earth  a  source  which  is  pro- 
ducing fluctuations  of  the  brightness  of  a  screen  causes  the  varia- 
tions to  cease  (vid.  143  and  166).  N  rays  are  obtainable  merely 
by  joining  a  metal  plate  to  the  earth. 

Quartz  held  with  its  axis  perpendicular  to  the  screen  causes 
brightening;  when,  however,  the  axis  is  parallel  to  the  screen,  the 
latter  becomes  darker.^^ 

The  opposite  is  true  in  the  case  of  Iceland  spar.  This  relation 
was  found  to  hold  for  several  positive  and  negative  crystals. 

E.  Meyer  and  Lambert^"**  found  that  X  rays  are  emitted  at  the 
moment  when  blood  coagulates. 

Julien  Meyer^^'  states  that,  when  a  file  as  source  of  X  rays  is 
placed  beneath  a  vessel  of  pure  water  above  which  a  Ca  S  screen 
is  iield,  the  latter  becomes  less  luminous.  When  the  water  is  re- 
uKned  it  grows  brighter,  h'roni  this  he  concludes  that  water 
emits  X,  rays  under  the  action  of  X  rays.  Adding  salt  to  the 
w.'iter  is  followed  by  the  disappearance  of  the  effect.  Water  has 
no  reversing  eft'ect  upon  X,  rays. 

Three  new  contributors  to  X  rays  literature  ap])oared  in  June, 
1(^04. 
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Mercanton  and  Radzikowski^^"*  subjected  the  nerves  of  a  frog 
to  N  rays  but  conld  cbscover  no  change  in  their  electrical  resist- 
ance, activity  or  rapidity  of  reflex  action. 

Rothe^"^  develops  a  photographic  method  of  studying  the 
effect  of  the  N  and  Xj  rays  upon  the  phosphorescent  screen.  A 
circular  patch  of  Ca  S  is  put  at  a  fixed  distance  from  the  photo- 
graphic plate  and  exposure  is  made  for  five  seconds.  Then  after 
twenty  seconds  a  second  exposure  on  a  new  part  of  the  plate  is 
made  again  for  five  seconds,  and  so  on.  The  images  so  produced 
are  not  alike  since  the  phosphorescent  material  emits  less  light  as 
time  passes.  The  diameters  of  the  images  were  found  to  vary 
regularly  with  the  time.  When  N  rays  acted  upon  the  Ca  S 
Rothe  claims  that  the  regularity  disappeared  owing  to  the  screen 
becoming  more  luminous.  His  published  data  hardly  seem  to 
warrant  this  conclusion.  It  is  also  to  be  remembered  that  more 
than  a  month  earlier  Becquerel'"*  had  claimed  to  show  that  the  N 
rays  do  not  really  increase  the  luminosity  of  the  screen,  the  effect 
observed  being  due  to  the  action  of  the  rays  upon  the  retina  of 
tlie  observer. 

During  the  month  of  May  criticism  did  not  find  its  way  into 
print.     This  was  not  the  case  in  June. 

Le  Roux^*"^  states  that  there  are  apparent  variations  in  bright- 
ness when  a  feebly  illuminated  surface  is  looked  at  in  a  darkened 
room.  These  variations  he  holds  to  be  subjective.  If  a  person 
looks  at  a  Ca  S  screen  it  grows  darker  after  half  a  minute.  There 
comes  a  time  when  obscure  clouds  seem  to  pass  across  the  lumin- 
ous patch.  Other  people  see  oscillation  of  brightness.  The 
initial  aspect  can  be  regained  at  any  time  by  exposing  the  eye  to 
white  light,  by  coughing  or  by  making  noises. 

The  smelling  of  chloroform  or  ether  reduces  the  brightness  of 
the  screen  if  the  nostril  on  the  side  with  the  observing  eye  is  used. 
The  other  eye  is  not  affected.  The  inhalation  of  alcohol  on  the 
contrary  produces  a  brightening  of  the  screen. 

Pacini^'''^  in  Rome  reported  to  Nature  that  he  failed  to  get 
Blondlot's  results. 

The  Revue  Scientifique^^''  threw  out  the  warning,  "It  is  to  be 
feared  that  INI.  Charpentier  has  perceived  only  the  variations  of 
attention  excited  by  the  approach  of  a  body  or  provoked  by  the 
suggestibility  of  the  subject.  The  Academy  of  Sciences  would 
do  well  to  demand  experimental  demonstration.      Radium    has 
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made  it  easy  to  believe.  Does  not  the  effect  of  the  X  rays  re- 
semble that  of  magnets  on  hysterical  subjects?"  Doubt  is  again 
expressed  a  fortnight  later. ^"" 

Burke^"*-  again  reports  failure  in  striving  for  Blondlot's  re- 
sults. He  thinks  expectation  and  concentration  of  attention  are 
important  factors  in  success.  He  could  not  detect  the  photo- 
graphic registration  of  the  effect  of  the  N  rays  on  the  spark. 

Baumhauer^^^  failed  to  get  any  effect  of  the  X  rays  u])on  a 
screen  of  Sidot's  bfende. 

Salvioni'^'*  performed  a  lengthy  series  of  experiments.  "For 
several  months  I  have  dedicated  myself  with  much  constancy  and 
little  success  to  the  phenomena  recently  described  by  Blondlot." 
He  sought  in  vain  for  objective  effects,  using  in  turn  the  coherer 
and  photoelectric  methods  of  detection.  When  he  turned  to  the 
phosphorescent  screen  he  obtained  some  results  similar  to  those 
of  Blondlot.  When  he  studied  the  foci  behind  a  lens,  the  more 
carefully  he  worked  the  more  of  them  he  found  until  within  a 
score  of  cm.  there  seemed  to  be  50  or  60  foci. 

He  holds  that  many  of  the  results  point  to  subjective  causes, 
while  on  the  other  hand  there  are  indications  that  along  with  the 
subjective  there  is  something  objective.  In  his  opinion  the 
phenomena  of  Blondlot  have  a  singular  resemblance  to  the  pre- 
tended luminous  phenomena  of  animal  magnetism. 

July,  1904. — This  month  witnessed  the  appearance  in  X  ray 
literature  of  several  well  known  names  for  the  last  time. — 
Becf|uerel,  Bichat.  Charpentier  and  J.  Meyer. 

BecquereP'^  claims  that  {i  rays  cause  a  calcium  sulphide  screen 
to  emit  X  rays.  Polonium  darkens  the  screen.  He  compares 
further  the  effects  of  ^-i  and  X  rays  and  of  a  and  X,  rays. 

There  is  a  difference,  he  finds. '^  l)etween  X  rays  from  a  Xernst 
lamp  and  those  from  tempered  steel.  Prince  Rupert  drops,  com- 
pressed wood  and  Ca  S  previously  exposed  to  the  sunlight.  Rays 
from  the  lamp  are  not  affected  by  traversing  a  magnetic  field  per- 
pendicular to  the  lines  of  force,  while  the  other  rays  are  changed 
in  effect.     He  holds  the  X  rays  to  consist  of  three  kinds : 

1.  Such  as  are  not  deviated  by  the  magnetic  field  and  which  do 
not  act  on  Ca  S. 

2.  Such  as  are  deviated  liy  the  magnetic  field  and  are  much  dis- 
persed, like  the  ^  rays. 
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3.  Such  as  are  de^•iatecl  in  the  opposite  direction,  as  are  the 
a   rays. 

The  number  of  rays  into  which  a  beam  of  N  rays  is  dispersed 
by  the  magnetic  field  varies  with  their  source.  He  finds  not  only 
qualitative  but  even  quantitative  agreement  between  the  effects  of 
the  magnetic  field  upon  the  N  rays  and  upon  the  ,9  rays. 

In  his  final  paper^^  Becquerel  claims  that  the  non-deviable  rays 
are  those  which  give  the  eight  rays  by  refraction  through  an 
aluminium  prism.  When  the  N  rays  pass  through  air  or  copper 
they  produce  a  rays  perpendicular  to  their  path,  while  under 
similar  conditions  N^  rays  produce  -i  rays.  He  finds  the  nature 
and  effects  of  the  Blondlot  rays  to  be  more  complex  than  does 
any  other  experimenter. 

Bichat-''^  found  that  the  rays  from  a  platinum  wire,  rendered 
incandescent  by  the  current  from  a  storage  battery,  after  travers- 
ing aluminium  make  a  Ca  S  screen  brighter ;  while,  if  the  elec- 
trical circuit  is  entirely  insulated,  the  screen  grows  darker.  Then 
joining  any  point  of  the  circuit  to  the  water  pipes  again  causes 
brightening.  Other  curious  effects  of  connection  with  the  earth 
are  described. 

In  the  case  of  the  heavy  rays  acted  on  by  gravity  the}-  make  the 
screen  darker  if  their  source  is  insulated.  Joining  the  source  to 
earth  or  electrifying  the  insulated  observer  causes  an  increased 
brightness. 

When  a  person  stands  facing  a  wall  Charpentier^-  finds  that  a 
Ca  S  screen  shows  positions  of  maximum  and  of  minimum 
brightness  when  moved  along  from  the  body  to  the  wall,  indicat- 
ing stationary  waves  of  wave-length  3.5  mm.  In  one  experi- 
ment 14  maxima  were  located  in  a  distance  of  52  cm.  The  wave- 
length is  the  same  as  that  of  waves  in  nerves  determined  by  Char- 
pentier  by  another  method.  In  front  of  the  e}e  the  waves  were 
only  2  mm.  long.  Other  sources  of  N  rays  also  gave  standing 
waves  in  air. 

In  his  closing  paper  Charpentier^''  discusses  certain  new  forms 
of  screens. 

A  careful  statement  of  the  conditions  of  success  in  N  ray  work 
is  given  by  Le  Roux.^^'^  He  is  very  confident  of  his  ground, 
saying:  'T  have  been  able  to  attain  not  merely  to  confirming 
the  variations  of  brightness  announced,  but  to  seeing  them  under 
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conditions  such  that  they  cannot  be  tainted  with  any  suspicion  of 
subjectivity." 

Blondlot^'  sets  forth  a  new  method  of  observing  his  rays.  A 
longitudinal  streak  of  Ca  S  is  put  on  white  paper  and  illumm- 
natcd  by  orange  hght  so  regulated  as  to  cause  the  bluish  phos- 
phorescent light  to  disappear.  When  X  rays  fall  upon  the  cal- 
cium sulphide  it  becomes  visible  again.  When  the  orange  light 
J)arely  permits  the  screen  to  be  seen  X,  rays  cause  it  to  disappear. 
He  returns  to  his  study  of  the  heavy  emission/"  and  announces 
tliat  cleaning  a  piece  of  metal  makes  its  emission  cease.  Heating 
it  U)  100^  and  letting  it  cool  restores  the  property.  Xo  amount 
<d  cleaning  seems  able  to  stop  the  emission  of  lead,  yet  long  ex- 
posure to  the  air  brings  it  about. 

All  the  liquids  examined  gave  the  heavy  emission.  The  fol- 
lowing are  inactive:  Platinum,  iridium,  palladium,  gold  and  dry 
glass. 

The  heavy  emission  also  received  the  attention  of  j.  Meyer'"''- 
in  his  final  paper  on  the  subject.  Parts  of  the  human  body.  h3 
affirms,  send  out  the  heavy  rays.  He  investigated  the  phenomena 
of  transmission  and  absorption.  When  the  hand  is  held  over  a 
funnel  the  emission  collects  in  a  bottle  placed  beneath,  and  can  be 
])'iure(l  out  ui)on  a  screen  which  it  causes  to  light  up.  It  can  be 
kept  in  an  open  bottle  for  several  days.  He  concludes  that  differ- 
ent jets  of  this  emission  vary  in  speed. 

Colson'"^  is  lead  to  announce  certain  conclusions  concernmg 
the  constitution  of  dissolved  salts  from  considerations  based  in 
part  upon  X  ray  effects. 

Raoult'*'^  of  Nancy  reports  his  experiments  confirming  Char- 
])entier's  observations  that  the  X  rays  increase  acuteness  of  hear- 
ing while  the  Xi  rays  produce  the  opposite  effect. 

Xever  at  any  time  did  the  X  ray  investigators  advance  with 
more  confidence  or  feel  firmer  ground  beneath  their  feet  than  in 
this  month  of  July,  1904,  and  yet  their  work  ceased  wnth  remark- 
able abruptness.  During  August,  September  and  October  there 
a|)peared  not  a  single  paper  recording  investigation. 

The  Revue  Scientifique  2"i.2"2  raised  its  voice  in  warning  again. 
It  criticized  Charpentier's  work  in  relation  to  the  effect  of  the 
N  and  X,  rays  upon  the  sensation  of  temperature.  He  should 
not.  it  asserts,  have  made  the  tests    upon    himself    but    u]ion    a 
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bandaged  subject,  kept  ignorant  of  the  approach  and  withdrawal 
of  the  alleged  sources  of  the  rays. 

Later  in  the  month  in  speaking  of  Salvioni's  work^*'"^  editorial 
comment  was  made  upon  those  experimenters  who  "observe  with 
a  disconcerting  facility  properties  more  or  less  marvellous,  whose 
origin  ought  to  be  sought  much  less  m  the  N  rays  than  in  the 
depths  of  their  subconsciousness,  or  in  the  action  of  badly  inter- 
preted natural  phenomena." 

During  the  months  of  August,  September  and  October  there 
was  no  lack  of  criticism.  At  the  Versammlung  deutscher 
Naturforscher  iind  Aerste'^^^  at  Breslau  in  September  a  dis- 
cussion on  the  N  rays  was  held.  Lummer  and  Rubens  reported 
that  they  had  obtained  no  results  in  repeating  the  most  important 
of  Blondlot's  experiments.  They  failed  to  get  the  photographic 
effect  with  the  spark.  Blondlot  sent  some  of  his  plates  to  Lum- 
mer, whereupon  they  tried  once  more  and  failed  as  before.  They 
found  that  the  brightness  of  a  fluorescent  screen  changed  in  the 
ratio  of  I  to  4  merely  by  moving  the  eye. 

Paul  Weiss,  of  Zurich,  stated  that  he  had  noted  changes  in 
the  brightness  of  the  screen  when  moved  over  the  nerves  of  the 
wrist,  but  that  the  changes  were  fitful.  For  three  months,  how- 
ever, he  had  tried  this  and  got  the  same  topography  of  the  nerves, 
even  when  he  tried  to  get  something  different.  He  seemed  to  be 
of  the  opinion  that  the  effects  might  be  objective. 

The  discussion  at  the  meeting  of  the  British  Association  for 
the  Advancement  of  Science^^^  was  very  one-sided.  Lummer  re- 
ported the  failure  of  Rubens  and  himself  to  get  the  results  sought. 
Burke  told  that  he  had  tried  various  persons  but  had  found  no 
evidence  of  external  action  upon  the  sight. 

At  the  sixth  International  Congress  of  Physiology^^'^  at 
Brussels,  Sept.,  1904,  Lambert,  in  discussing  his  researches  on 
fermentation,  came  to  speak  of  the  N  rays.  The  German  mem- 
bers expressed  their  disapproval  by  absenting  themselves  at  the 
time.  At  the  close  of  this  paper  Henri  stated  that  long  and  num- 
erous experiments  had  been  made  on  the  N  rays  at  the  laboratory 
of  physiology  of  the  Sorbonne,  but  with  no  success.  Pieron  told 
of  equally  fruitless  researches  at  the  laboratory  of  physiology  of 
the  Hautes-Etudes.  Then  a  series  of  physiologists  from  coun- 
tries other  than  France  rose  and  told  of  equal  lack  of  success, — 
Querton  of  Brussels,  Herzen  of  Lausanne,  whose  assistant  went 
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in  vain  to  Charpentier,  and  representatives  of  Italy,  Russia  and 
England. 

Waller,  the  eminent  physiologist  of  the  nervous  system,  leaned 
toward  one  of  his  neighbors  and  said  that  the  rays  of  Xancy 
should  have  been  called  the  rays  of  suggesti(^n,  alluding  to  the 
studies  in  obscure  mental  phenomena  made  at  that  city. 

Pieron  asked  Lambert  to  submit  to  the  test  of  looking  at  the 
screen  and  telling  when  a  source  of  N  rays  was  brought  near. 
The  latter  however  excused  himself  on  the  grouiid  of  fatigue. 

R.  W.  Wood,^^^  of  Johns  Hopkins  University,  went  to  Xancy 
and  spent  three  hours  in  the  laboratory  looking  upon  experiments 
with  the  X^  rays  without  seeing  a  single  experiment  succeed.  He 
departed  in  the  belief  that  those  who  had  seen  them  had  been  de- 
luded. It  was  arranged  to  have  an  observer  tell  when  Prof. 
Wood  put  his  hand  in  the  path  of  the  rays  by  noticing  accom- 
panying changes  in  a  small  spark,  but  in  no  case  was  the  state- 
ment correct. 

In  the  experiment  of  the  spectrum  produced  by  an  aluminium 
prism,  a  beam  2  or  3  mm.  wide  was  said  to  give  after  dispersion 
a  band  of  about  .1  mm.  width.  When  the  prism  was  covertly  re- 
moved, the  bands  were  located  as  before.  Prof.  Wood  suggested 
that  he  place  the  prism  while  the  X  ray  expert  determine  how  it 
was  turned.  Incorrect  answers  were  given  in  all  of  the  three 
trials  made.     This  failure  was  attributed  to  fatigue. 

.  A  steel  file  was  brought  up  to  the  screen,  but  Prof.  Wood  could 
see  no  effect.  He  substituted  a  piece  of  wood  for  the  file  and 
others  saw  the  changes  as  before.  He  suggests  a  repetition  of 
the  Pender-Cremieu  collaboration  as  a  good  way  of  reaching  the 
truth  about  the  X  rays. 

Criticisms  which  he  made  upon  the  technique  of  photograph- 
ing the  spark  under  X  ray  influence  will  be  considered  elsewhere. 

Blondlot''-  replied  to  Wood's  criticism  Xovember  12th.  He 
said  W^ood  was  warned  that  a  person  observing  a  phosphorescent 
screen  could  not  necessarily  tell  when  another  person  threw  the 
X"^  rays  on  the  screen.  "I  affirm  most  positively."  he  says,  "that 
the  phenomena  of  X  rays  have  for  me  the  same  certainty  that 
other  physical  phenomena  have.  Several  of  my  colleagues  and  a 
number  of  other  persons  say  the  same."  He  adds  explicit  direc- 
tions for  observing  the  X  rays  with  the  screen. 

In  October^"^  the  Revue  Scientifique  began  an  editorial  discus- 
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sion  of  the  status  of  the  N  rays.  "Depuis  le  debut  des  vacances, 
on  ne  park  plus  en  France  de  rayons  N.  Mais  a  1'  etranger  on 
continue  a  accumuler  les  experiences  infructueuses,  les  resultats 
negatifs.     Le  doute  ne  cesse  de  croitre." 

"II  n'  y  a  pas  un  pays  etranger  ou  les  rayons  N  aient  encore  le 
moindre  credit  et  en  France  meme  on  ne  songe  guere  a  discuter 
sur  r  emission  pesante  *  *  *  ^i  meme  sur  la  production  de 
rayons  par  1'  organisme."^'^^ 

This  periodical  then  obtained  expressions  of  opinion  upon  the 
subject  from  many  French  scientists.2o-.208,209,2io,2ii,2i2,2i3.2i4 

The  following  believe  in  the  N  rays, — Bertholet,  Pellat,  Blond- 
lot,  Janet,  Gariel,  Lambert,  H.  Poincare,  D'Arsonval,  Moreau, 
Swyngedauw,  Girardet,  H.  Becquerel,  Colson,  Bichat,  Gutton. 
These  do  not  believe, — Langevin,  Perrin,  Monoyer,  Brunhes, 
Lamotte,  Cailletet,  P.  Weiss.  The  following  failed  to  get  re- 
sults,— Pellat,  Abraham,  Perrin,  Janet,  Sagnac,  Cailletet,  Berget, 
Gouy,  Monoyer,  Meslin,  Buisson,  Camichel,  Turpain,  Weiss 
(Paris),  Doumet.  It  will  be  noticed  that  in  spite  of  this  failure 
some  of  them  believed  in  the  existence  of  the  disputed  rays. 

The  attitude  of  Mascart  is  worthy  of  note.  He  expressed  no 
opinion  about  the  N  rays,  though  Blondlot  certainly  believed  that 
he,  as  well  as  Cailletet.  was  convinced,  as  is  shown  in  a  letter  to 
the  London  Electrician.^^ 

D'Arsonval  also  states  that  both  Mascart  and  himself  could 
distinguish  effects  upon  the  phosphorescent  screen.  More  than 
a  year  later  Mascart^-'^  appeared  as  the  champion  of  the  X  rays, 
when  nearly  every  one  else  had  lost  all  belief  in  them. 

Others  who  expressed  no  opinion  are  Bouty,  VioUe,  Brillouin, 
Leduc,  Moissan,  P.  Curie,  Chappuis,  ]\Ioissan. 

Perrin,  professor  of  chemical  physics  in  the  Sorbonne,  is  very 
emphatic  in  his  opinion  :  "I  think  and  repeat  on  every  occasion 
for  more  than  a  year  not  only  that  there  are  no  X  rays,  but  that 
there  is  no  objective  phenomena  capable  of  justifying  the  strange 
error  of  those  physicists  who  have  seen  the  rays." 

Pellat,  who  expressed  his  belief  in  the  existence  of  the  rays, 
though  he  failed  himself  to  get  results  with  them,  held  that  few 
can  see  them,  and  that  the  fortunate  are  rather  the  young  and 
normal. 

Cailletet.  says  that  he  saw  no  results  during  his  visit  to  Blond- 
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lot  at  Nancy,  though  there  were  many  ladies  present  who  saw  the 
effects  well. 

Meslin  went  to  Mace  de  Lepinay  for  assistance  but  did  not  feel 
much  confidence  in  his  experiments. 

Buisson,  assistant  professor  of  physics  at  Marseilles,  also  saw 
little  when  the  Marseilles  investigator  endeavored  to  show  him 
the  effects. 

H.  Poincare  was  at  Xancy  but  saw  no  effects  that  he  was  ex- 
pected to  see.  This  he  attributes  to  involuntary  accommodation 
of  the  eyes  on  his  part.  He  believed  in  the  reality  of  the  photo- 
graphic effect. 

D'Arsonval  stated  that  he  had  verified  all  the  important  facts, 
perceiving  clearly  the  action  of  the  nervous  centers  on  the  phos- 
phorescent screen. 

Weiss,  Professor  of  Physics  in  the  Faculty  of  Medicine.  Paris, 
claims  that  Charpentier's  determinations  of  the  length  of  nerve- 
wa\"es  are  wrong,  and  that  this  shows  his  X  ray  results  to  have  a 
subjective  element,  because  by  his  X  ray  method,  he  obtained 
about  the  same  result  as  by  his  other  incorrect  method. 

Colson  stated  that  Blondlot  and  W'irtz  saw  just  what  he  did  in 
the  case  of  the  production  of  the  rays  by  chemical  means. 

Very  interesting  is  the  statement  of  P.  Weiss,  Zurich.  It  was 
he  who  arose  at  the  Breslau  meeting  and  in  face  of  the  general 
sentiment  against  the  existence  of  the  N  rays,  stated  that  his  ex- 
periments, though  incomplete,  seemed  confirmatory.  Now  in 
the  Revue  Scientifique  he  reported  that  he  was  mistaken  and  that 
his  results  are  negative. 

L.  Poincare.  inspector  general  of  public  instruction,  could  not 
see  Blondlot's  results. 

The  French  journal  Cosmos-'"'  speaks  of  the  varying  views 
about  Blondlot's  rays :  "Ce  mouvement  d'  incredulite  est  parti 
d'  Amerique,  nous  est  arrive  par  I'Angleterre  et  a  gagne  le  Con- 
tinent." 

In  spite  of  the  bombardment  of  criticism  during  the  latter  half 
of  1904,  there  were  a  few  who  still  continued  to  hold  to  the  reality 
of  the  N  rays. 

Hooker"^  wrote  another  letter  to  the  Lancet:  "I  take  it  that 
there  are  but  few  who  do  not  ackiK^wledge  the  existence  of  the 
'n'  rays."  He  presents  an  experiment  to  show  that  the  results 
cannot  be  due  to  heat.     The  value  of  his  observations  is  much 
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lessened  by  his  subsequent  statement  that  he  carefully  examined 
the  "luminous  ray  spectrum,  finding  inter  alia  that  rays  emanat- 
ing from  a  passionate  man  have  a  deep  red  hue;  the  one  whose 
key-note  in  life  is  to  be  good  and  to  do  good  throws  off  pink 
rays." 

There  is  also  another  letter  in  the  Lancet  written  by  Xiven^^^'' 
expressing  belief  in  the  N  rays. 

Colson^""^  continued  his  chemical  investigations  suggested  by 
N  ray  effects  previously  obtained  by  him.  A  little  more  than  a 
year  later  the  Academy  of  Science  bestowed  upon  him  the 
La  Caze  prize  for  His  general  work  in  chemistry. 

BreydeP*^  advanced  the  theory  that  the  N^  rays  are  a  vibrating 
impulse  emanating  from  their  source,  while  the  N  rays  are  a  kind 
of  movement  of  concentration  converging  toward  their  source. 
He  also  postulates  the  existence  of  another  type  of  rays,  the 
N2  rays. 

In  the  month  of  November  Blondlot"*^  published  another  paper 
relating  to  the  photography  of  the  spark  when  acted  upon  by  N 
rays.     This  will  be  discussed  later. 

In  December,  1904,  the  Leconte  prize  of  50,000  francs  was 
awarded  to  Blondlot^"*^  by  a  committee  of  the  Academy  of 
Sciences  consisting  of  Mascart,  Troost,  Darboux,  Berthelot,  M. 
Levy,  H.  Becquerel,  Bouchard.  ^loissan,  Janssen,  de  Lapparent 
and  Poincare.  In  their  recital  of  Blondlot's  scientific  work  but 
scant  reference  is  made  to  his  investigations  of  the  N  rays. 

Before  the  year  1904  reached  its  close  Bordier^^  presented  in 
the  Comptes  Rendus  a  photographic  method  of  showing  the  effect 
of  the  N  rays  on  a  phosphorescent  screen.  Becquerel'*  had  con- 
tended that  the  rays  produce  no  effect  upon  the  brightness  of  the 
screen,  a  view  with  which  Blondlof*-  subsequently  agreed. 

Bordier  prepared  two  similar  groups  of  patches  of  Ca  S  and 
exposed  them  to  the  light  for  some  time.  Each  group  was  put 
upon  a  photographic  plate.  Upon  one  was  laid  a  file  to  ser\'e 
as  a  source  of  N  rays.  Upon  the  other  was  laid  a  pi?ce  of 
lead  of  equal  weight.  After  twenty-four  hours  in  ths  dark  the 
plates  were  developed.  Each  patch  of  the  phosphorescent  sub- 
stance was  found  to  be  surrounded  by  an  aureole.  The  aureoles 
about  the  patches  exposed  to  N  rays  were  more  extended  than 
the  others.     A  man,  who  was  not  acquainted  with  the  drsign  of 
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the  experiment,  measured  the  central  images  and  the  aureoles  in 
both  sets.     His  measurements  showed  a  difference. 

A  fortnight  after  the  publication  of  this  paper  the  Revue 
Scientifique-^''  states  that  the  claim  that  the  aureoles  were  larger 
about  the  patches  exposed  to  N  rays  was  not  confirmed  when  a 
number  of  the  members  of  the  Institute  examined  the  plates,  and 
directs  attention  to  the  possibility  of  electrical  phenomena,  oc- 
curring in  the  course  of  the  experiment,  leaving  traces  on  the  sen- 
sitive plate.  Besides  this  Le  Bon  has  shown  that  the  photo- 
graphic plate  is  unequally  acted  on  by  different  metals. 

Weiss  and  BulF^-  reported  a  fruitless  search  for  a  direct  effect 
of  the  N  rays  upon  a  photographic  plate.  A  sheet  of  paper  uni- 
formly illuminated  was  photographed.  N  rays  fell  upon  the 
plate  at  two  places.  On  development  these  showed  no  difference 
from  the  rest  of  the  plate. 

Apropos  of  Bordier's  experiment,  Chanoz  and  Perrigot^^^  re- 
ported early  in  January,  1905,  the  results  of  their  examination 
into  the  conditions  necessary  for  the  production  of  aureoles  on 
the  photographic  plate  by  Ca  S.     They  found 

1.  A  very  brief  time  only  is  needed  to  produce  aureoles. 

2.  The  size  of  the  aureole  varies  with  the  thickness  of  the  layer 
of   Ca  S. 

3.  The  size  of  the  aureole  depends  upon  the  distance  of  the 
Ca  S  from  the  plate. 

4.  When  two  identical  screens  of  Ca  S  are  put  under  equal 
weights  at  the  same  instant  on  the  photographic  plate  the  aureoles 
are  the  same  no  matter  of  what  material  the  weights  are  made. 

During  1904  Kotnik^^^  and  also  Bechterew*^  suggested  that 
N  rays  may  explain  thought  transferrence.  According  to  the 
former  the  language  centers  emit  N  rays  which  excite  the  corre- 
sponding centers  of  the  person  on  whom  they  fall  and  evoke  audi- 
tory images. 

Since  the  beginning  of  1905  it  is  only  after  long  intervals  that 
experimental  papers  dealing  with  the  Blondlot  rays  appear.  The 
last  paper  l)y  the  discincrer  of  the  X  rays  appeared  in  August, 
1905.''^  Tn  connection  with  this  it  may  be  well  to  take  a  general 
view  of  the  work  done  in  registering  photograj^hically  the  effect 
of  the  X  rays  upon  a  small  electric  si)ark. 

As  early  as  May,  1903.-*  Blondlot  reported  the  existence  of  a 
diffeven??  between  the  mngjs  produced  \\\)ov.  photographic  plates 
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by  the  light  of  the  spark  when  N  rays  fell  upon  it  and  when  they 
did  not.  In  Feb.,  1904,^*  he  furnished  details  of  a  more  accurate 
method.  A  stream  of  small  electric  sparks  illuminates  from 
above  a  horizontal  ground  glass  plate.  Below  this  and  parallel 
to  it  is  exposed  a  photographic  plate.  A  cardboard  box  hav- 
ing the  plate  for  its  bottom  covers  both  the  spark  and  the  glass 
plate.  Above  this  box  is  a  lead  plate  covered  with  wet  paper. 
This  plate  is  fixed  in  position  with  respect  to  the  photographic 
plate,  and  thus  both  must  be  shifted  together.  A  beam  of  N  rays 
comes  vertically  downwards.  When  the  screen  of  lead  is  in  their 
path  the  uninfluenced  spark  casts  its  image  on  the  ground  glass 
and  from  this  an  image  is  produced  on  the  photographic  plate. 
Next  the  lead  screen  is  shifted  from  the  path  of  the  rays  and  with 
it  goes  the  portion  of  the  sensitive  plate  already  acted  on.  A 
fresh  part  of  the  plate  is  now  under  the  ground  glass  which  is 
illuminated  by  the  spark  upon  which  the  N  rays  now  fall.  In 
carrying  out  the  experiment  the  alternate  arrangements  lasted 
for  five  seconds.  The  lead  plate  was  shifted  to  and  fro  several 
times,  the  times  of  exposure  of  both  halves  of  the  plate  being  the 
same.  By  means  of  guides  the  shifting  was  performed  in  dark- 
ness. Much  care  was  taken  to  get  the  spark  feeble  as  well  as  regu- 
lar. About  forty  experiments  were  reported,  using  as  sources  of 
the  N  rays  a  Nernst  lamp,  compressed  wood,  tempered  steel,  etc. 
In  but  a  single  case  were  the  images  on  the  two  parts  of  the  plate 
ahke. 

A  few  months  later"*^  Blondlot  describes  certain  improvements 
in  his  method,  such  as  concentrating  the  X  rays  by  an  aluminium 
lens  and  giving  regular  form  to  the  terminals  between  which  the 
spark  passes.  A  few  days  after  this  Burke^^^  reported  his  failure 
to  find  a  difference  between  the  two  parts  of  the  plate,  and  sug- 
gested that  the  interposition  of  the  lead  screen  to  intercept  the 
N  rays  might  damp  the  spark. 

Lummer  stated  at  the  meetings  ol  the  British  Association  for 
the  Advancement  of  Science^^^  and  of  the  J\v'saui)nlung 
Deutscher  Naturforscher  und  Acrstc^'-^'^  that  he  himself  and  also 
Rubens  had  been  unable  to  obtain  this  photographic  effect.  They 
were  favored  by  Blondlot  with  some  of  his  own  plates,  but  failure 
continued  to  meet  them. 

W^oocU^^  estimated  that  at  the  time  of  his  visit  to  Blondlot's 
laboratory  the  brilliancy  of  the  spark  fluctuated  by  as  much  as 
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25  per  cent.  In  his  opinion  the  unconscious  bias  of  the  person 
shifting  the  plate  miglit  give  the  advantage  of  longer  time  to 
the  part  of  the  plate  exposed  during  the  period  of  action  of  the 
X  rays  on  the  spark.  In  his  reply  to  Wood's  criticism,  Blondlot^^ 
says  that  since  the  latter's  visit  he  has  used  an  apparatus  which 
recorded  automatically  the  times  of  exposure.  In  a  total  ex- 
posure of  each  side  amounting  to  about  fifty  seconds,  the  differ- 
ence between  the  two  periods  of  exposure  was  not  more  than  .5 
seconds,  and  moreover  the  benefit  of  the  longer  exposure  was 
given  to  that  part  of  the  photographic  plate  used  when  the  X  rays 
were  shut  off.  In  spite  of  this,  in  every  one  of  twelve  experi- 
ments there  was  a  larger  image  obtained  when  the  rays  had  access 
to  the  spark. 

Bloncllot^'*  in  a  paper  appearing  in  Xovember,  1904,  turns 
the  flank  of  Burke's  suggestion  that  the  moving  of  the  lead  screen 
affected  the  spark  by  stating  that  he  had  performed  the  experi- 
ment with  no  X  rays  and  had  found  no  difference  between  the 
two  images.  The  spark-gap  was  surrounded  by  a  conductor 
joined  to  earth  but  the  difference  in  the  images  persisted. 

In  Blondlot's  latest  paper^'-"^  he  adduces  a  series  of  thirty-five 
experiments  in  support  of  his  contention.  In  twenty-three  of 
these  there  was  a  very  marked  difference  between  the  two  images, 
and  in  all  a  difference  was  visible.  He  claims  that  the  applica- 
tion of  improved  methods  have  only  made  the  obtaining  of  the 
effect  more  certain.  He  further  says  that  more  than  100  photo- 
graphic experiments  have  been  made  by  Jean  Becquerel  with  con- 
stant success. 

Even  if  it  be  granted  that  a  new  and  objective  effect  has  thus 
been  obtained,  let  it  be  noted  that  it  in  no  way  argues  for  the  ex- 
istence of  the  N  rays  with  their  varied  and  surprising  properties. 
All  the  evidence  for  their  kinship  to  light  waves  was  obtained  by 
subjective  methods,  chiefly  by  the  use  of  the  calcium  sulphide 
screen. 

In  the  course  of  the  year  1905  four  experimental  investigations 
told  against  the  Blondlot  rays.  Guilleminot*^"'*'  permitted  X  rays 
from  the  Nernst  lamp  and  from  tempered  steel  to  fall  upon  a 
selenium  cell,  either  alone  or  accompanied  by  light,  but  in  neither 
case  could  he  detect  any  change  in  the  resistance  of  the  cell  due 
to  the  rays. 

Pozdena*"''    made    a    \ery    painstaking    investigation    of    the 
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effects  claimed  for  the  heavy  emission.  His  paper  is  a  model  of 
accurate  work.  In  contrast  witli  many  of  the  French  papers  the 
greatest  care  was  exercised  to  ehminate  all  suggestion  and  other 
subjective  elements. 

A  silver  gulden  was  the  source  of  the  alleged  emission.  One 
person  moved  the  Ca  S  screen  about  in  the  space  below  the  coin, 
another  observer  stated  when  the  screen  appeared  brighter.  A 
piece  of  lead  could  close  an  aperture  below  the  coin  thus  cutting 
off  any  emission.  There  was  total  darkness  throughout.  Slight 
changes  of  sound  made  in  moving  the  screen  were  a\'oided. 
When  one  position  had  been  located  in  which  the  screen  seemed 
brighter,  it  was  noticed  that  the  observer  had  a  recollection  of 
the  position  of  his  head  and  of  the  direction  of  sight.  This 
tended  to  lead  him  to  locate  the  position  of  brightness  again 
where  it  was  before.  Moreover  if  the  person  in  charge  of  the 
screen  moved  it  rather  more  frequently  over  one  spot  a  hint  was 
given  to  the  observer.  To  avoid  these  sources  of  suggestion  the 
two  persons  changed  positions  after  a  spot  of  brightness  had  been 
found. 

It  was  farther  noticed  that  the  observer  could  tell  by  the  sound 
whether  the  other  wrote  "o"  for  oifcn  or  "g"  for  geshlossen 
in  recording  whether  the  lead  allowed  the  emission  to  pass  or  not. 

Pozdena  found  no  evidence  whatever  of  the  existence  of  a 
heavy  emission.  Only  three  times  out  of  150  settings  did  the 
phosphorescent  screen  come  vertically  under  the  coin,  and  in  one 
of  these  few  cases  the  lead  was  interposed. 

In  sixty-eight  cases  when  the  lead  intervened  the  brightening 
of  the  screen  was  noticed  as  well  as  in  eighty-two  cases  without 
the  lead. 

Stefanelli^*^  found  that  the  lessening  of  the  brightness  of  the 
phosphorescent  screen  under  the  bell-jar  of  an  air  pump,  which  is 
caused  by  exhaustion,  is  really  due,  not  to  the  emission  of  N^  rays 
as  J.  Meyer^^^  supposed,  but  to  the  fall  of  temperature  of  the  en- 
closed air.     Bellia^^^  failed  to  get  photographic  effects. 

The  number  for  Jan.  15,  1906,  of  the  Comptes  Rendus  con- 
tains two  papers  in  support  of  the  existence  of  the  N  rays.  Mas- 
cart^^^  describes  a  series  of  experiments  in  which  a  narrow  Ca  S 
screen  mounted  on  the  carrier  of  a  dividing  engine  was  moved 
through  the  space  behind  an  aluminium  prism  which  was  intended 
to  disperse  the  N  rays  derived  from  a  Nernst  lamp.     The  carrier 
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387- 

392. 

391- 
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was  moved  until  the  screen  lig-hted  up  presumably  because  it  was 
in  the  path  of  one  of  the  refracted  rays.  The  corresponding  read- 
ing of  the  position  of  the  carrier  was  made.  The  screen  was 
moved  through  the  same  extent  of  field  by  each  of  the  four  observ- 
ers who  in  turn  located  the  position  of  brightness.  The  follow- 
ing gives  the  readings  of  the  settings  for  four  positions  of  bright- 
ness: 

Blondlot  Gutton 

382.4  Not  observed 

Not  observed    387.2 

391-5  393- 

398.4  399- 

Another  series  of  settings  was  made  by  each  observer  in  which 
the  carrier  was  moved  forward  so  as  to  set  the  screen  in  turn 
upon  each  bright  band,  then  the  motion  was  reversed  and  the 
settings  were  made  as  the  carrier  came  back. 
The  series  which  follows  was  made  by  Blondlot : 

Going  3S7.5     382.3     374.       368.2     360.2     358.       353.2 

Returning     3S6.1     381.2     374.3     368.2     360.2     358.2     353.2 

Gutton  was  not  so  successful  in  obtaining  concordant  settings. 

Tn  one  case  the  two  readings  for  the  same  band  differ  by  4, 
when  the  distance  between  two  adjacent  bands  is  only  6  or  7. 

But  few  details  of  this  experiments  are  given  in  the  paper. 

The  Revue  Scientifique^^^  subjects  the  above  experiments  to 
criticism.  It  directs  attention  to  the  fact  that  the  readings  of 
\'irtz  and  of  Mascart  for  the  first  band  differ  by  2.4,  and  in  view 
of  the  entire  field  examined  being  only  16  in  length,  it  concludes 
that  "The  precision  is  not  really  excessive." 

In  the  experiments  made  by  setting  on  the  bands  of  brightness 
both  going  and  returning  it  found  that  the  space  in  which  no 
bands  were  found  was  considerably  less  than  the  space  in  which 
bands  were  located. 

The  periodical  suggests  that  as  Blondlot  made  the  experiments 
first  the  other  experimenters  may  have  unconsciously  copied  him. 
"Could  not  muscular  memory  account  for  the  agreement  of  the 
settings  made  going  and  returning?" 

.Moreover,  Blo'ndlot  had  agreed  with  Becquerel  that  the  appar- 
ent effect  of  the  N  rays  upon  the  phosphorescent  screen  is  in  fact 
due  to  the  rays  producing  an  effect  upon  the  retina.     In  spite  of 
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this,  how  could  Blondlot  be  consistent  in  taking  part  in  the  ex- 
periments described  by  Alascart  ? 

Perrin^"'  directs  objections  against  the  experiment  from  theo- 
retical considerations. 

Turpain^^^'  took  up  the  going  and  returning  experiments.  He 
found  that  if  he  gave  10  impulses  to  the  driving  mechanism  of 
the  carrier  of  the  dividing  engine,  then  took  the  reading,  gave  10 
more  impulses,  took  the  reading,  and  so  proceeded,  he  obtained 
the  following  series : 

Going  4.58         9.65  14.26         18.58 

Returning  4.54         9.61  14-95  i8-5i 

There  was  no  setting  upon  anything.  The  agreement  follows 
from  there  having  been  the  same  number  of  equal  impulsions. 

Turpain  seems  to  have  made  his  investigations  very  carefully. 
He  says :  "For  more  than  a  year,  except  for  short  interruptions, 
I  have  pursued  the  observation  of  the  N  rays."  His  results  while 
using  the  Ca  S  screen  were  concordant  so  long  as  he  knew 
whether  the  rays  were  present  or  not.  but  became  discordant 
when  he  was  in  ignorance.  He  often  found  a  suppression  of  the 
N  rays  to  lead  not  to  a  decrease  but  to  an  increase  of  brightness. 

Experimenting  with  the  Nernst  lamp,  files,  the  electric  field,  the 
magnetic  field,  the  electromagnetic  field,  the  Hertzian  field,  out 
of  962  trials  the  presence  of  the  rays  was  detected  in  783  cases, 
or  81%,  when  he  knew  what  to  expect.  On  the  other  hand  the 
percentage  fell  to  about  50  when  he  was  not  informed. 

An  interesting  incident  connected  with  Turpain's  paper  was  its 
rejection  by  the  Academy  of  Sciences. ^^"^ 

(To  be  conchided.) 
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(St^cd  Meeting  held  Thursday,  May  2d,  ipo6.) 


A  Recent  Development  in  the  Chemistry  of  Cellulose. 

By  Dr.  William  H.  Walker, 

Professor  of  Industrial  Chemistry,   Massachusetts  Institute  of 
Technology.  Boston. 


Of  the  numberless  bodies  whicli  nuw  make  up  that  department 
of  chemical  science  which  treats  of  the  compounds  of  carbon  com- 
paratively few  belong  to  the  class  to  the  consideration  of  which  was 
originally  applied  the  name  "organic  chemistry."  In  the  early  days 
of  Wohler,  only  those  substances  which  occur  organized  in  nature 
and  which  are  formed  in  the  animal  and  vegetable  kingdoms  only 
under  the  influence  of  a  special,  obscure  agency  called  the  vital 
force,  were  included  in  this  classification.  Among  the  few  bodies 
which  have  hitherto  resisted  synthesis  and  which  are  as  yet  made 
only  through  the  intervention  of  a  vital  force,  are  those  which 
form  the  skeleton  or  framework  of  all  vegetable  tissues, and  which 
are  included  under  the  generic  term  "cellulose."  All  plants,  from 
the  microscopic  unicellular  bacterium  up  to  the  giant  conifers  of 
the  Yosemite  Valley,  are  built  up  of  cells,  the  envelopes  or  walls  of 
which  consist  essentially  of  this  organic  compound,  cellulose. 
From  the  earliest  times,  cellulose  in  its  various  forms  has  consti- 
tuted the  most  important  raw  material  used  by  man,  either  in  its 
substantially  pure  state,  as  cotton  or  linen,  or  where  it  is 
associated  with  other  more  or  less  complex  bodies  in  wood,  bam- 
boo, straw  and  other  structures  built  up  by  the  plant.  For  many 
years  the  commercial  value  of  cellulose  depended  entirely  upon  its 
physical  projjcrties  and  the  form  in  which  it  was  obtained.  When 
it  became  possible  to  modify  the  natural  properties  of  this  material 
by  chemical  treatment,  its  enormous  economic  importance  was 
still  further  increased  and  its  commercial  value  enhanced. 

While  the  word  "cellulose"  may  be  used  to  include  bodies  of 
analogous  composition  ha\ing  similar  functions,  it  must  not  l)e 
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taken  as  signifying  a  simple,  definite  substance  of  unvarying  prop- 
erties. Just  as  we  have  wheat  starch,  potato  starch  and  corn 
starch,  varying  in  size  and  shape  of  granule,  in  viscosity  and  ad- 
hesiveness of  the  product  made  therefrom,  etc.,  so,  too,  we  have 
different  forms  of  cellulose.  Physically,  these  substances  are. 
when  freed  from  adhering  waxes,  resins  and  other  incrusting 
materials,  colorless,  amorphous  bodies  capable  of  withstanding 
relatively  high  temperatures  and  soluble  in  none  of  the  ordinary 
solvents.  An  ultimate  analysis  reveals  the  fact  that  cellulose  is 
composed  of  carbon,  hydrogen  and  oxygen  in  the  proportions 
represented  by  the  empirical  formula  C^HioOj.  This  statement 
in  no  way,  however,  represents  the  true  molecular  complexity  of 
the  substance.  Starch  is  represented  by  the  same  molecular  pro- 
portion C.^Hj^Og.  Superimposed  upon  what  is  probably  a  very 
complicated  molecule  in  both  of  these  substances,  is  what  we  call 
the  colloidal  state,  a  condition  of  matter  of  wdiich  we  at  present 
know  almost  nothing.  In  contradistinction  to  the  sugars,  the 
third  closely  allied  member  of  the  so-called  carbohydrate  group, 
we  have  in  cellulose  no  clearly  defined  chemical  or  physical  con- 
stants, such  as  melting  point,  boiling  point,  solubility  relations, 
etc.,  to  guide  us.  Although,  as  we  shall  find,  the  chemical  reagents 
which  act  upon  cellulose  are  not  few,  this  action,  unfortunately,  is 
always  accompanied  by  a  more  or  less  complete  breaking  down  or 
splitting  of  the  so-called  cellulose  aggregate.  Through  a  study 
of  those  derivatives  of  cellulose  and  starch  known  as  the  bioses, 
where  two  CjHiqOj  groups  combine  with  one  molecule  of  water, 
Skraup,  by  means  of  a^  chlorine-acetyl  compound,  arrives  at  the 
conclusion  that  the  simplest  possible  molecular  weight  of  cellulose 
is  5508,  while  starch  is  7440.  This  much,  at  least,  is  certain — 
that  the  forms  of  cellulose  of  which  we  have  knowledge,  are 
combinations  of  a  large  number  of  groups  having  the  three  ele- 
ments in  the  proportion  expressed  by  the  formula  C.jHioOs.  and 
that,  when  undergoing  chemical  reaction,  the  more  perfectly  this 
complex  or  aggregate  can  be  kept  intact,  the  more  valuable  from  a 
commercial  point  of  view,  are  the  resultant  products. 

A  reaction  which  is  common  to  all  three  members  of  the 
group  of  compounds,  known  as  carbohydrates,  viz.,  sugars, 
starches  and  cellulose,  but  which  these  substances  show  to  a  very 
unequal  degree,  is  that  of  hydrolysis  by  dilute  mineral  acids.  The 
sugars  and  starches  are  converted  into  bodies  having  an  increased 
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percentage  of  hydrogen  and  oxygen,  with  the  greatest  ease,  form- 
ing dextrose  and  levulose  in  the  first  case,  and  in  the  second  a 
mixture  of  dextrose  and  other  sugars.  The  enzyme  diastase  is 
also  able  to  effect  transformations  of  this  character  very  easily. 
When  we  come  to  cellulose,  however,  we  find  a  marked  difference 
in  the  ease  with  which  analogous  reactions  are  brought  about. 
Treatments  which  effect  complete  hydrolysis  in  the  case  of  starch, 
has  little  or  no  effect  upon  cellulose.  A  different  set  of  conditions 
are  necessary  to  break  up  the  cellulose  aggregate  and  to  add  on 
the  water  necessary  to  form  these  simpler  molecules  or  molecular 
complexes. 

The  earliest  worker  in  this  field  to  carry  on  systematic  investi- 
gation and  to  obtain  tangible  results,  seems  to  have  b^en  a  French- 
man, Girard,*  in  1881.  By  subjecting  cellulose  to  the  action  of 
dilute  sulphuric  acid  for  several  hours  he  obtained  an  easily  pul- 
verized mass,  which  he  called  cellulose  hydrate  and  which  he 
thought  had  the  formula  (C^;Hlo05)2.  HoO.  A  few  years  ago 
Sternf  repeated  this  work  and  failed  to  get  the  results  described 
by  Girard.  He  found,  however,  that  if  cellulose  be  boiled  with 
5%  sulphuric  acid,  a  part  is  converted  into  dextrose  while  the 
major  portion  is  simply  disintegrated.  This  disintegration  is  due 
to  the  fact  that  certain  portions  of  the  cellulose  fibre  are  more 
easily  attacked  than  others,  and  as  these  portions  are  dissolved 
their  removal  causes  the  structure  as  a  whole  to  fall  to  pieces. 
Since  Stearn  did  not  follow,  in  any  case,  the  directions  of  Girard, 
it  is  not  surprising  that  comparable  results  were  not  obtained. 
The  fact  remains  that  the  product  of  such  acid  treatment  shows 
physical  properties  not  possessed  by  the  original  cellulose. 

This  hydrolysis  may  be  carried  to  the  point  where  practically  a 
complete  conversion  of  the  cellulose  into  soluble  and  for  a  large 
part  also  fermentable  sugars,  takes  place.  On  this  fact  is  based 
the  much-talked-of  process  for  obtaining  alcohol  from  wood,  of 
Classen  and  others,  where  dextrose  is  first  formed  and  then  sub- 
sequently fermented. 

A  relatively  large  number  of  processes  for  making  hydro- 
cellulose,  differing  in  detail  from  the  al)ove.  have  been  proposed, 
but  they  all  result  in  a  very  friable  powder  in  which  the  original 
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structural  form  of  the  cellulose  is  lost.  They  all  seem  to  bear  out 
the  general  formula  (QHioOg)!!.  HgO. 

One  of  the  more  common  methods  used  by  investigators  in  the 
field  of  organic  chemistry  for  determining  the  number  of  hy- 
droxyl  groups  in  a  compound,  is  to  substitute  each  one  by  an 
acetic  acid  radical,  making  a  so-called  ester.  This  esterification  is 
usually  effected  by  treating  the  hydroxyl-containing  substance 
with  acetyl  chloride  or  acetic  anhydride,  with  or  without  the 
presence  of  some  condensing  or  esterifying  agent,  such  as  sodium 
acetate,  zinc  chloride  or  sulphuric  acid.  By  separating  the  pro- 
ducts of  this  reaction  and  then  subjecting  them  to  treatment  with 
alcoholic  potash,  the  acetyl  groups  may  be  split  off  and  measured, 
and  the  number  of  hydroxyl  groups  determined. 

A.  X.  P.  Franchimont,*  in  1882,  while  studying  the  problem  of 
the  constitution  of  cellulose,  used  this  method.  He  found,  how- 
ever, that  if  the  cellulose  be  treated  with  acetic  anhydride  without 
a  condensing  agent,  the  conditions  necessery  for  the  reaction  were 
such  that  an  almost  complete  disintegration  of  the  cellulose  ag- 
gregate resulted.  However,  by  adding  sulphuric  acid  to  the  re- 
action mixture,  a  hydrocellulose  was  formed  and  the  esterification 
then  took  place  with  great  ease.  He  points  out  that  esters  dif- 
fering widely  in  solubility  can  be  produced  by  varying  the  propor- 
tion of  sulphuric  acid.  It  is  thus  seen  that  Franchimont  was  the 
pioneer  in  this  field  of  cellulose  chemistry  and  opened  up  the  way 
for  the  great  amount  of  work  which  has  recently  been  done  upon 
this  subject. 

Lederer,**  in  his  method  for  the  production  of  the  acetic  acid 
esters  of  cellulose,  provides  for  making  hydrocellulose  according 
to  the  method  of  Girard,  and  subsequently  esterifying  by  acetic 
acid  in  the  presence  of  a  small  quantity  of  sulphuric  acid.  Miles,t 
repeating  the  method  of  Franchimont,  places  the  sulphuric  acid  in 
the  reacting  mixture  and  makes  the  hydrocellulose  at  the  same 
time  that  the  acetylation  is  effected.  H.  S.  Mork,!  working  in 
conjunction  with  A.  D.  Little  and  the  writer,  found  that  by  using 
the  sulphonic  acids  of  phenol  or  naphthol,  the  reaction  is  more 
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easily  controlled  and  a  more  uniform  prc^duct  obtained.  Other 
investigators  have  proposed  phosphoric  acid,  methyl  sulphate  and 
a  variety  of  other  hydrolyzing  and  condensing  agents,  without 
obtaining  a  materially  different  product.  In  all  these  cases,  as  in 
the  original  method  of  Franchimont.  the  resultant  ester  is  dis- 
solved by  the  reaction  mixture  and  is  recovered  by  precipitation 
therefrom  in  a  large  volume  of  water.  The  product  of  this  pro- 
cedure has  been  described  as  tetracetate  of  cellulose,  and  its  ap- 
pearance depends  upon  the  way  it  is  precipitated  by  water  from  its 
solution  in  acid.  When  saponified  in  the  regular  way  with  alco- 
holic potash,  the  product  gives  values  corresponding  to  the  tetrace- 
tate, although  the  yield  corresponds  to  that  of  the  tri-acetate  cal- 
culated on  the  C,;H,„0.-  basis.  Thus,  100  grams  of  carefully  pre- 
pared cotton  roving  yields  when  acetylated  with  benzol-sulphonic 
acid.  168  grams  of  product,  while  that  calculated  for  the  tri-ace- 
tate is  177  grams  and  of  the  tetracetate  considerably  more.  The 
saponification  number  is  found  to  be  about  705.  while  that  calcu- 
lated for  the  tri-acetate  is  583  and  that  for  the  tetracetate  700. 

Much  light  has  Ijeen  thrown  upon  this  apparent  discrepancy  by 
a  recent  paper  by  Dr.  H.  Ost,*  in  which  the  analysis  of  these 
acetyl  derivatives  is  discussed  at  length.  Data  are  given  which 
show  th.at  when  the  esters  described  above  are  saponified  in  the 
ordinary  manner  with  alcoholic  potash  solution,  acids  other  than 
acetic  are  formed,  which,  united  with  the  potash,  give  an  al)norm- 
ally  high  sap(jnification  number.  If  the  products  of  this  saponify- 
ing acti(jn  be  mixed  with  sul])huric  acid  and  the  acetic  acid  dis- 
tilled with  steam,  an  amount  f)f  acid  agreeing  closely  with  that 
calculated  for  the  tri-acetate  is  ol)tained.  A  method  proposed  by 
H.  E.  I'erkin  for  determining  the  acetic  groups  in  phenols  was 
found  by  Ost  to  be  especially  applicable  to  the  analysis  of  these 
])roducts.  It  consists  in  gently  heating  the  ester  with  50%  sul- 
phuric acid  solution  for  twenty-four  hours  or  more,  and  then 
separating  the  acetic  acid  thus  set  free  by  distillation  with  steam. 
The  figures  obtained  agree  very  closely  with  those  calculated  for 
cellulose  tri-acetate,  notwithstanding  the  fact  that  the  products 
investigated  were  made  by  a  number  of  different  processes.  The 
so-called  cellulose  tetracetate  of  Cross  andBevan,  made  by  treating 
the  cellulose  recovered  from  the  sulpho-carbonate  reaction  with 
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magnesium  acetate  and  acetyl  chloride,  was  examined  by  this 
method  by  Perkin  and  Greene  and  found  to  be  in  reality  the  tri- 
acetate. Of  course,  it  is  possible  that  these  products  consist  of  a 
mixture  of  di-  and  tetracetates  in  such  a  proportion  that  the  sa- 
ponification equivalent  is  that  of  the  tri-acetate,  but  while  there 
are  indications  that  di-acetates  do  exist  in  the  mixture,  the  above 
supposition  is  quite  improbable. 

The  'fact  noted  by  Franchimont  that  acetates  of  very  different 
solubilities  could  be  obtained  by  varying  the  amount  of  sulphuric 
acid  employed  in  the  reaction  also  lead  to  the  development  of  a 
number  of  new  cellulose  derivatives. 

There  are  unquestionably  two  separate  reactions  taking  place 
simultaneously,  the  first  being  the  production  of  the  hydrocellu- 
lose  by  means  of  the  acid,  and  the  second  the  formation  of  the 
ester  of  this  hydrocellulose  by  the  acetic  anhydride,  accelerated 
by  the  presence  of  another  acid  or  its  equivalent.  Taking  up 
first  the  preparation  of  hydrocellulose,  we  find  that  the  method 
proposed  by  Girard  was  to  soak  the  well  purified  cellulose  in  a 
3%  sulphuric  acid  solution  until  saturated,  press  tightly  between 
filterpapers  and  dry  in  the  air.  The  paper  thus  treated  was 
heated  in  a  closed  flask  to  70^  for  three  hours.  The  resultant 
product  was  a  brittle,  white  mass  which  reduced  Fehling  solution 
slightly  and  was  more  deeply  colored  with  fuchsin  solution  than 
before  the  treatment.  Mork,  in  repeating  this  work,  found  the 
method  very  difficult  to  control,  and  very  sensitive  as  regards  the 
pressure  on  the  cotton  before  drying,  and  the  temperature  and 
time  of  heating.  By  using  too  much  acid  or  heating  too  long, 
a  product  is  obtained  which  is  probably  the  highly  degraded  cellu- 
biose  of  Skraup  (CgHio05)2.  H2O.  Lederer  has  varied  the 
method  of  Girard  by  substituting  acetic  acid  for  water,  but  ob- 
tained the  same  brittle  mass,  which  soon  fell  to  a  structureless 
powder. 

A  very  much  more  valuable  product  of  uniform  quality,  as 
shown  by  Mork,  can  be  prepared  as  follows :  Into  a  mixture  of 
400  parts  glacial  acetate  acid  and  20  parts  benzol-sulphonic  acid 
are  placed  100  parts  of  high-grade  bleached  cotton  roving.  This 
is  allowed  to  remain  until  perfectly  saturated  with  the  liquid, 
when  the  mass  is  pressed  until  one-half  of  the  liquid  originally 
used  has  been  recovered.  The  wet  cotton,  now  holding  200  parts 
acetic  acid  and    10  parts  benzol-sulphonic  acid,   is   allowed   to 
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stand  at  room  temperature  (15-  to  20"^  C. )  for  about  twelve 
hours.  At  the  end  of  this  period  it  will  be  found  to  have  been 
converted  into  a  highly  reactive  modification  or  form  of  cellulose 
which  retains  the  original  fibrous  structure  of  the  organic  cellu- 
lose. When  washed  and  dried  the  product  is  found  to  have  in- 
creased in  weight  about  i.887c  on  the  weight  of  the  cotton  used. 
This  corresponds  to  the  formula  (CoHioOr;  jc-  H^O,  which  would 
require  an  increase  in  weight  of  1.857c-  This  process  admits  of 
perfect  control  and  produces  a  hydrocellulose  in  which  the  origi- 
nal cellulose  has  suffered  little,  if  any  degradation. 

In  the  recent  publication  already  referred  to,  Ost  confirms  these 
results,  although  he  gives  as  the  optimum  conditions  a  somewdiat 
greater  proportion  of  acid  to  the  cotton,  and  allows  the  mixture 
to  stand  for  tw^o  days.  From  data  obtained  by  the  ultimate  an- 
alysis of  his  product,  Ost  arrives,  quite  independently  of  Mork,.. 
at  the  same  empirical  formula  (CgHjoOj)^.  H^O.  He  confirms- 
Mork's  observations  also,  that  too  energetic  treatment  leads  to  a- 
disintegration  of  the  cellulose  aggregate,  forming  products  of 
much  lower  molecular  weight  containing  a  relatively  larger  quan- 
tity of  water  of  hydrolysis. 

All  of  these  hydrocelluloses  in  the  presence  of  the  condensing 
agent  react  with  ease  with  acetic  anhydride,  giving  results  which 
depend  upon  the  extent  of  the  hydration,  the  temperature  of  re- 
action and  the  time.  Products  may  be  made  which  are  soluble  in 
water  alone,  alcohol  and  water,  acetone  and  vv^ater,  acetone  alone 
and  chloroform  alone.  In  obtaining  the  results  given  in  the  fol- 
lowing table,  cotton  was  treated  with  the  hydrolyzing  agent  and 
acetic  acid  for  the  time  given  in  the  first  column,  and.  with- 
out washing,  was  acted  upon  with  acetic  anhydride.  The 
relative  solubilities  appear  in  the  other  columns,  where  /  means 
insoluble,  ps  partially  soluble,  g  gelatinized,  and  .y  soluble. 

Cross  and  Bevan*  have  investigated  an  analogous  series  of 
substances  and  conclude  that  these  compounds  are  the  mixed 
esters  of  sulphuric  acid  and  acetic  acid.  When  a  large  amount 
of  sulphuric  acid  calculated  on  the  weight  of  the  cotton  was  used, 
a  material  which  was  soluble  in  water  was  obtained,  which  con- 
tained the  proportion  of  one  sulphuric  acid  group  for  each 
C,;H,oOr,  group.      By  decreasing  the  amount  of  sulphuric  acid  the 
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product  was  no  longer  soluble  in  water  but  was  soluble  in  aqueous 
acetone  and  contained  less  sulphuric  acid  and  more  acetic  acid 
groups.  When  a  relatively  small  amount  of  sulphuric  acid  was 
present,  the  more  normal  acetone-  and  chloroform-soluble  acetates 
were  obtained.  So  far  as  I  know,  the  analytical  results  given  by 
the  authors  in  support  of  these  statements  have  not  been  con- 
firmed by  others,  but  the  fact  that  by  increasing  the  amount  of 
sulphuric  acid,  products  of  radically  different  solubility  may  be 
obtained,  confirms  the  work  of  Franchimont  and  Mork. 

The  technically  valuable  acetic  acid  ester  of  cellulose,  however, 
is  the  tri-acetate,  although  as  generally  made,  some  di-acetate  is 
present.  The  tri-acetate  is  easily  soluble  in  chloroform  while  the 
di-acetate  is  much  less  so,  being  scarcely  gelatinized.  The  in- 
creasing solubility  in  chloroform,  due  to  the  change  of  di-  into  the 
tri-acetate  as  the  reaction  proceeds,  is  shown  in  the  following 
ex'periments : 

Hydrocellulose  made  as  above  described  was  treated  with  acetic 
anhydride  at  40"  C,  giving  the  following  data  : 

Time  Sr.lubility  in  Reacting  Acids.  Solubility  in  Chloroform. 
30  min.                            Soluble  Insoluble 

i^,^  hr.  ■'  Slightly  soluble 

4%  hr.  ■■■  Very  soluble 

It  will  be  noted  that  all  of  the  acetic  acid  esters  of  cellulose,  in 
contradistinction  to  the  nitric  acid  esters, have  been  heretofore  pro- 
duced by  methods  which  have  involved. as  a  necessary  consequence 
of  their  successful  application,  the  complete  breakdown  and  de- 
struction of  the  physical  form  of  the  cellulose  structure  concerned 
in  the  reaction ;  that  is,  the  product  of  the  reaction  is  soluble  in  the 
reacting  mi.xture.  The  great  practical  disadvantages  incident  to 
this  simultaneous  solution  will  be  af)parent.  Among  them  may  be 
mentioned  the  difficulty  of  control ;  the  danger  of  local  overheat- 
ing which  makes  necessary  the  working  of  small  batches ;  the 
necessity  of  precipitation  in  water  to  check  the  reaction ;  and  the 
dilution,  and  to  a  considerable  extent  loss,  of  the  reagents  em- 
ployed. It  has  been  the  goal  of  investigators  in  this  field  to 
produce  an  acetic  acid  ester  of  cellulose  which  will  retain  the 
structural  form  of  the  original  cellulose  in  a  way  analogous  to 
that  of  cellulose  nitrate.  This  has  been  successfully  done  by 
H.  S.  Mork  in  the  following  manner: 

100  parts  hydrocellulose  is  prepared  as  has  already  been  out- 
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lined,  and  while  still  moist  with  the  hydrolyzing  acid,  is  placed  in 
a  mixture  of  300  parts  acetic  anhydride  and  1200  parts  benzol 
and  allowed  to  stand  at  room  temperature  (15^  to  20^  C )  for 
about  eighteen  hours.  When  the  reaction  is  complete,  as  ascer- 
tained by  removing  some  of  the  product  and  determining  its  solu- 
bility in  chloroform,  acetone,  or  other  appropriate  solvents  for  the 
particular  ester  toward  the  manufacture  of  wdiich  the  process  has 
been  directed,  the  mass  is  freed  as  far  as  possible  from  liquid,  by 
whizzing  in  a  hydro-extractor,  and  is  then  washed  and  dried. 
Among  the  important  advantages  offered  by  this  process  may  be 
enumerated  the  complete  control  which  results  from  the  moder- 
ation of  the  rate  of  esteritication  by  reason  of  the  low  temperature 
at  which  the  same  is  conducted,  coupled  with  the  intiuence  of  the 
benzol,  or  its  equivalent,  in  restraining  the  reaction ;  the  ease  of 
testing  the  progress  of  the  process  and  of  stopping  it  at  any  time 
desired ;  the  large  quantities  of  material  which  may  be  handled 
without  endangering  the  quality  of  the  product,  and  finally  the 
ease  of  washing  and  drying  the  product  in  bulk. 

The  analysis  of  this  product  show^s  it  to  be  the  tri-acetate  of 
cellulose,  but  differing  from  an  analogous  fibrous  acetate  which 
has  been  prepared  by  Strehlenert  and  Reubold,*  in  that  it  has  ap- 
parently preserved  the  large  molecular  aggregate  of  the  original 
cellulose.  The  material  itself  shows  greater  strength  than  the 
acetate  of  Strehlenert  (wdiich  is  described  as  being  brittle)  ;  gives 
more  viscous  solutions  than  acetates  hitherto  prepared,  and  is  so 
far  as  can  be  determined  a  superior  product  in  all  its  properties. 

The  uses  to  which  cellulose  acetate  may  be  put  are  at  present 
limited  by  the  expense  of  the  material  itself,  incident  to  the  cost  of 
the  necessary  reagents  and  the  relatively  high  price  of  its  solvents. 
In  general,  it  may  be  said  that  cellulose  acetate  can  find  technical 
application  riiost  readily  where  nitrocellulose,  on  account  of  its 
inflammability  and  low  temperature  of  decomposition,  cannot  ht 
employed.  At  present  its  most  important  use  is  in  the  ehctrical 
insulation  of  very  fine  wire,  for  which  it  has  found  an  extended 
application  in  the  hands  of  the  General  Electric  Company  at 
Lynn,  ^Mass.  A  highly  desirable  quality  of  artificial  silk  and  arti- 
ficial horsehair  can  be  made  from  the  acetate,  but  for  the  present 
it  is  ruled  out  of  the  market  by  its  cost  of  production. 


*U.  S.  Patent.  No.  812.C98. 
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Mining  and  Metallurgical  Section. 

(Stated  Meeting  held  Thursday,  May  ^th,  1907.) 


Black  Sands  of  the  Pacific  Coast, 

By   Dr.    David   T.    Day. 


When  any  new  country  enters  the  list  of  civilized  nations, 
its  mineral  deposits  are  greatly  sought  and  it  begins  the  age  of 
bounteous  mineral  yield  and  consequent  profligate  waste.  It  is 
common  to  use  only  the  richest  deposits,  and,  of  these,  fre- 
quently only  the  richest  parts. 

It  is  a  case  of  sudden  access  to  riches  with  the  usual  squander- 
ing which  has  no  regard  for  economy  and  no  care  for  posterity's 
interests. 

In  the  case  of  the  United  States  we  were  slow  to  recognize 
our  supremacy  in  mineral  wealth  over  the  rest  of  the  civilized 
world. 

For  the  tirst  three  hundred  years  and  more  we  merely  har- 
vested the  obvious  gold  in  the  placers  of  the  Southern  States 
and  satisfied  our  needs  for  household  utensils  from  the  iron  of 
Pennsylvania  and  Xew  England. 

The  California  gold  rush  of  1849  ^"<i  S^-  however,  changed 
our  mineral  industry  for  all  time  and  made  keen  the  search  for 
hidden  treasure,  everywhere.  It  brought  out  the  ignorant  for- 
tune seekers  who  cared  more  for  unearthing  something  hidden 
than  for  the  development  of  legitimate  industry.  This  greed 
of  the  ignorant  has  pursued  precious  metal  mining  to  the  detri- 
ment of  the  industry  to  the  present  day. 

When  in  1859  the  development  of  petroleum  in  Pennsylvania 
furnished  a  flood  of  light  to  turn  night  into  day  we  became  a 
nation  of  readers.  Before  that  none  but  the  clergy  read  at 
night.  ( )ur  great  industrial  advance  was  due  fundamentally  to 
the  fact  that  nowhere  in  the  world  did  it  cost  so  little  to  read 
at  nio"lU  a-  in  the  United  States,  and  this  i>  still  true. 
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With  the  resulting  flood  of  information,  the  mineral  require- 
ments for  great  industrial  developments  exceeded  all  anticipa- 
tion. Discovery  of  new  and  rich  mineral  deposits  kept  up  with 
the  demand.  The  State  and  National  Geological  Surveys 
taught  people  where  to  find  new  deposits  and  how  to  mine 
them  with  speed  rather  than  economy.  Our  development  in- 
creased so  fast  that  with  coal  (for  example),  the  production  of 
any  ten  years  has  equalled  the  total  production  of  all  previous 
years  since  the  industry  began. 

Of  course  no  country's  mineral  resources  are  so  boundless 
as  to  stand  this  depletion  for  any  great  length  of  time.  Al- 
ready the  days  of  the  anthracite  coal  trade  have  been  numbered 
by  the  statisticians,  and  experts  from  France  and  Germany 
have  been  sent  by  their  Governments  to  predict  the  end  of  our 
Lake  copper  and  iron  ores. 

\\niile  these  experts  have  returned  obliged  to  confess  the  great- 
ness of  these  deposits,  it  is  significant  that  the  trade  this  year  in 
seeking  a  greater  output  of  iron  ore  from  the  Lakes  is  not  so 
exacting  as  to  quality.  In  Pennsylvania  the  days  of  anthra- 
cite are  being  lengthened  by  washing  the  valuable  coal  from 
the  old  culm  banks  and  by  increasing  the  percentage  extracted 
by  every  practicable  means. 

The  day  of  gleaning  only  from  our  richest  treasures  is  past, 
and  already  we  are  turning  to  deposits  heretofore  neglected  be- 
cause of  impurities  rendering  them  hard  to  work,  or  because  of 
their  low  grade. 

The  concentration  of  low  grade  ores  of  all  kinds  is  fast  be- 
coming an  important  feature  of  the  mining  industry. 

Ores  of  precious  metals  have  naturally  received  first  con- 
sideration, and  it  is  nothing  extraordinary  to  see  a  hundred 
mechanical  concentrating  tables  washing  the  ore  of  a  single  set 
of  mines. 

In  older  countries  such  economies  are  more  common.  But 
in  spite  of  this  the  supply  of  one  metal,  platinum,  has  become 
alarmingly  small.  We  are  accustomed  to  import  it  from  Rus- 
sia, but  the  yield  of  the  placer  deposits  in  the  Urals  has  de- 
clined sharply  in  the  last  few  years,  and  pressure  was  brought 
upon  Congress  to  have  the  Geological  Survey  search  for  it  in 
the  United  States.  We  had  already  studied  out  its  haunts 
and  knew  that  it  was  not  a  problem  of  seeking  new  sources  of 
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supply,  but  rather  a  matter  of  finding-  means  of  gleaning  it 
cheaply  from  the  waste  of  certain  placer  gold  mines, — placers 
which  came  from  certain  great  ridges  of  serpentine  in  Califor- 
nia and  Oregon,  in  which  grains  of  platinum  have  been  found 
here  and  there,  but  too  sparsely  to  afford  profitable  mining  in 
the  original  rock.  It  was  necessary  to  seek  it  where  the  decay 
of  such  rock  had  left  the  platinum  and  other  heavy  materials 
richer  by  the  washing  away  of  the  lighter  ingredients. 

The  Geological  Survey  (which  had  pointed  out  the  conditions 
for  finding  and  utilizing  our  rich  stores  of  wealth)  was  thus 
called  to  teach  the  art  of  saving  by-products  to  men  who  were 
accustomed  to  staking  everything  in  the  chance  of  finding 
hidden  treasure  and  who  had  thrown  away,  with  contempt,  every- 
thing but  gold. 

First  it  was  necessary  to  analyse  these  sands  and  ascertain 
what  they  contained  of  value. 

The  definition  of  what  is  a  useful  mineral  depends  upon  the 
times.  Trade  to-day  demands  various  rare  minerals  which 
were  merely  cabinet  curios  a  few  years  ago.  There  is  nothing 
in  those  sands  with  the  exception  of  platinum  which  is  not 
already  obtainable  somewhere  else,  and  the  question  of  making 
these  minerals  useful  depends  upon  the  cost  of  separating 
them  from  valueless  constituents. 

First,  a  word  as  to  the  source  of  black  sands. 

When  a  placer  miner  washes  down  a  gravel  bank,  all  of  the 
sand  heavier  than  ordinary  quartz  collects  in  the  bottom  of  his 
sluice  box,  together  with  the  gold  which  he  is  trying  to  save. 
These  heavy  minerals  are  collectively  known  as  "black  sands." 
Perhaps  the  miner  only  "sluices"  his  gravel  without  the  help  of 
a  hydraulic  giant. 

As  soon  as  sufficient  "black  sand"  collects  in  the  sluice  box 
to  fill  the  riffles  level  full,  these  riffles  no  longer  catch  the  gold 
and  the  operation  must  be  stopped  until  the  riftles  are  cleaned 
out,  the  gold  panned  out  and  the  "black  sand"  thrown  away. 
If  the  sands  contain  from  thirty  to  fifty  per  cent,  of  "black 
sand,"  as  is  sometimes  the  case,  the  suspension  of  mining  in 
order  to  clean  out  the  riffles  is  necessary  so  frequently  as  to 
render  the  mining  profitless,  even  when  the  sand  is  quite  rich 
in  gold.     By  this  means  small  quantities  of  "black  sand"  are 
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continually  being-  thrown  away,  and  yet  in  the  aggregate  the 
amount  is  large. 

The  sands  of  the  Pacific  seashore  ha\-e  been  washed  so  free 
from  light  sand  by  the  action  of  the  waves  that  practically  all 
of  the  seashore  sand  is  known  as  "black  sand."  and  has  accord- 
ingly a  bad  reputation,  especially  as  the  gold  in  these  sea- 
shore sands  is  found  in  proverbially  fine-grained  sand,  fre- 
quently as  fine  as  ordinary  flour.  Further,  the  gold  grains  in 
the  "black  sands"  are  frequently  so  coated  as  to  give  difficulty 
in  amalgamating  and  therefore  it  is  particularly  difficult  to  ex- 
tract this  seashore  gold. 

It  has  been  the  habit  for  many  years  in  the  \\'est  to  throw 
away  thousands  of  tons  annually  of  these  black  sands  without 
any  effort  even  to  determine  the  proportion  of  gold  and  plat- 
inum which  they  contain,  because,  even  when  quite  rich,  no 
practical  method  of  obtaining  the  gold  has  been  available. 
Hundreds  of  processes  have  been  attempted  for  this  purpose 
and  abandoned. 

When  the  Geological  Survey  was  appealed  to  to  study  the 
principles  governing  the  occurrence  of  platinum  in  the  United 
States,  we  first  collected  some  2.000  samples  of  these  "black 
sands"  by  inviting  the  placer  miners  of  the  United  States  to 
send  in  for  examination  samples  of  the  heavy  minerals  found  in 
their  sluice  boxes.  The  results  of  these  investigations  were  of 
unusual  interest.  Among  some  thirty  minerals  found  in  these 
sands,  the  following  are  most  frequent,  mentioned  in  the  order 
of  their  frequency  of  occurrence :  Magnetite,  gold,  ilmenite, 
garnet,  zircon,  hematite  and  chromite. 

It  soon  became  evident  that  the  element  zirconium  and  the 
element  titanium  in  the  form  of  the  minerals  zircon  and 
ilmenite,  could  be  obtained  in  any  desired  quantity  from  these 
sands ;  that  supplies  of  monazite,  perhaps  greater  and  more 
easily  availed  of  than  those  already  known,  are  to  be  had  at 
small  cost  from  these  sands,  and  that  occasionally  platinum  and 
chrome  iron  ore  can  also  be  extracted  from  them  at  the 
same  time,  and  at  low'  cost. 

The  method  of  analysis  varied  of  course  to  some  extent  with 
the  complexity  of  the  sand,  but  in  general  we  found  it  simplest 
and  most  efficient  to  pass  the  sand  dry,  and  well  screened,  over 
a  Wetherill  magnetic  separator.     With  the  machine  used  by 
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lis,  a  current  of  0.2  of  an  ampere  developed  sufficiently  strong 
magnetic  force  to  extract  all  of  the  magnetic  iron  ore.  In- 
creasing the  current  strength  to  0.8  of  an  ampere,  and  passing 
the  sand  through  the  machine  again,  all  the  chrome  iron  ore 
and  ilmenite  were  extracted.  A  current  of  i]  amperes  in  this 
powerful  machine  was  sufficient  to  extract  all  of  the  garnet, 
and  by  successively  raising  the  current  strength,  the  magnet- 
ization was  sufficiently  raised  to  extract  olivine  and  hypers- 
thene,  and  finally,  at  a  current  of  3^  amperes,  monazite  was 
extracted. 

In  this  there  is  nothing  new,  as  this  has  been  the  process  for 
the  extraction  of  monazite  in  Western  North  Carolina.  Left 
behind  were  gold,  pyrite,  zircon,  quartz,  and  several  other  non- 
magnetic minerals.  As  to  platinum,  nearly  all  of  the  grains 
were  magnetic  at  one  current  strength  or  another,  and  left 
behind  as  absolutely  non-magnetic  was  only  the  iridosmine, 
which  frequently  made  up  half  of  the  mixture  of  platinum 
metals. 

For  further  separation  of  such  minerals  as  were  left  together 
in  this  magnetic  separation,  such  as  ilmenite  and  chromite, 
separation  by  a  static  electric  machine,  such  as  the  Blake- 
IMorscher,  proved  particularly  easy,  so  that  the  combination  of 
these  two  electric  processes  will  probably  be  siif^cient  for  the 
separation  of  these  sands  as  far  as  experimental  work  is  con- 
cerned, and  where  the  sands  are  suf^ciently  concentrated,  it  is 
probable  that  such  a  combination  would  be  efficient  for  com- 
mercial work,  but  in  the  condition  in  which  these  sands  are  ob- 
tained from  the  placer  miners,  some  different  and  cheaper 
method  is  essential. 

The  greatest  need  for  the  "black  sand"  industry  was  cheap 
machinery  by  which  the  precious  metals,  platinum  and  gold, 
and  if  possible,  also  the  other  valuable  materials,  such  as  mona- 
zite. zircon  and  chrome  iron  ore,  could  be  cheaply  extracted 
with  the  platinum;  and  gold.  For  this  purpose  the  Survey  in- 
vited makers  of  concentrating  machines  to  send  them  for  ex- 
hii)ition  at  the  Portland  Exposition  and  to  operate  them  on  the 
''black  sands."  as  a  field  for  friendly  competition.  The  fortun- 
ate responses  to  tliis  invitation  included  various  mechanical 
shaking  tables,  such  as  Wililey,  Finder,  Woodbury  and  Christ- 
onsen  tables,  all  of  which  proved  able  to  effect  the  desired  sepa- 
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ration.  These  tables  consisted  in  a  surface  covered  with 
linoleum  on  which  were  tacked  many  very  small,  narrow  strips 
of  wood  to  form  riffles.  Over  this  flowed  the  water,  carrying 
the  sand  just  as  in  sluice  boxes,  and  the  sand  was  caught  in  the 
riffles  and  without  some  additional  factor,  there  would  obvi- 
ously have  been  no  gain  over  the  previous  separation  in  the 
sluice  boxes  from  which  these  sands  had  been  taken.  But  in 
addition  a  shaking  motion,  or  rather  a  blow,  is  given  to  the 
side  of  the  table  tending  to  throw  the  heavier  materials  to 
one  side.  The  efficiency  with  which  the  platinum  and  gold 
were  separated  by  such  tables  is  almost  beyond  belief,  and 
sands  which  had  been  absolutely  refractory  gave  up  their  plat- 
inum and  gold  even  when  it  was  so  fine  as  to  serve  as  paint 
without  further  grinding.  As  much  as  ten  to  twenty  tons  per 
day  could  be  worked  on  one  of  these  machines  and  it  was  possi- 
ble to  carry  on  the  extractions  on  a  commercial  scale.  Twenty- 
five  samples,  each  containing  all  of  a  whole  carload  were  ex- 
amined, and  hundreds  of  smaller  samples,  many  several  tons  in 
size.  While  it  was  impossible  within  the  limited  time  to  ex- 
amine all  the  "black  sand"  localities  in  the  West,  still  over 
I, GOO  localities  were  examined  and  the  principal  useful  minerals 
separated  from  those  of  no  market  value. 

The  results  show  these  "black  sands"  to  be  a  rich  field  for 
supplies  of  various  rare  minerals  now  becoming  useful.  Boise 
Basin,  in  Idaho,  proved  rich  in  monazite.  Nearly  every  sand 
examined  contained  sufficient  zircon  to  make  this  an  object. 
Chrome  iron  ore  can  be  obtained  in  any  desired  quantity,  and 
by  the  concentrating  apparatus  it  can  be  produced  in  a  greater 
state  of  purity  than  any  chrome  iron  ore  now  sold  on  the  mar- 
ket. As  to  the  uses  for  this  chrome  iron  ore,  any  one  can 
study  this  interesting  subject  right  here  in  Philadelphia,  where 
the  Kalion  Chemical  Company  manufacture  potassium  and 
sodium,  bichromates  for  electric  batteries,  calico  dyeing  and 
other  industries.  The  monazite  industry  has  been  developed 
in  our  midst  as  nowhere  else  in  the  world.  It  is  now  obtained 
from  North  Carolina  and  brought  to  Gloucester,  New  Jersey^ 
where  Dr.  Waldron  Shapleigh,  with  chemical  skill  which  has 
never  been  equalled,  developed  methods  for  its  decompo- 
sition and  for  extracting  thorium  from  it  on  a  commercial 
scale.     Since  his  unfortunate  death  the  work  has  been  carried 
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on  most  efficiently,  and  the  chemical  ])rocess  still  further  de- 
.  eloped  by  the  exceptional  ingenuity  and  efficient  skill  of  your 
Dr.  H.  S.  ]\Iiner.  This  work  has  even  led  to  the  discovery  of 
new  elements,  among  the  by-products  obtained  from  these  de- 
compositions of  monazite  and  zircon. 

Another  mineral  which  was  found  in  practically  every  sand 
examined  was  ilmenite,  the  oxide  of  iron  and  titanium.  Until 
lately  this  mineral  has  had  the  most  unfortunately  bad  reputa- 
tion among  metallurgists.  Its  presence  to  any  great  extent 
in  an  iron  ore  deposit  rendered  the  ore  so  refractory  that  we 
know  of  many  deposits  of  rich  iron  ore  condemned  on  account 
of  the  presence  of  this  objectionable  element.  It  leads  to 
the  formation  of  salamanders,  that  is,  infusible  masses,  in  the 
blast  furnace.  While  many  blast  furnace  misfortunes  have 
doubtless  been  erroneously  charged  against  the  presence  of 
titanium  in  the  ore.  there  is  no  question  but  what  it  has 
proved  a  nuisance  to  the  iron  master.  It  is  a  significant  fact 
that  within  the  last  few  months  this  almost  useless  metal,  here- 
tofore only  used  to  give  a  yellowish  tint  to  porcelain  in  the 
manufacture  of  artificial  teeth,  has  now  come  to  have  much 
commercial  value  for  furnishing  titanium  chloride  as  a 
mordaunt  for  the  calico  printer.  Further,  other  uses  in  con- 
nection with  electric  lighting  have  lately  been  found  for  mix- 
tures of  magnetite  and  ilmenite.  so  that  altogether  ilmenite 
must  in  the  future  be  reckoned  as  a  useful  mineral  and  lose  its 
reputation  as  a  metallurgical  nuisance.  Enough  has  been  said 
to  indicate  that  in  the  treatment  of  our  "black  sands"  one  must 
give  attention  to  the  bv-products  which  can  be  obtained  to- 
gether with  the  precious  metals. 

As  to  these  precious  metals  themselves,  naturally  gold  is 
most  important  as  to  metal  value,  and  the  yellow  metal  will 
always  rank  highest  in  popularity  with  the  miner. 

It  needs  no  lecture  to  furnish  inducement  to  the  placer 
miner  to  save  the  gold  to  the  last  possible  extent,  but  on  the 
other  hand,  it  is  an  astt)nishing  fact  that  enough  platiuiuu  has 
been  thrown  away  annually  in  placer  gold  mining  in  the  West 
to  more  than  supply  all  the  needs  of  the  L'nited  States.  To  be 
sure,  the  amount  of  this  platinum  thrown  away  at  any  one 
place  is  ])articularh'  small,  amounting  usually  to  one-tenth  or 
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less  of  the  gold  which  is  also  thrown  away,  due  to  its  intimate 
mixture  with  the  grains  of  "black  sand,"  and  the  difficulty  of 
separating  it  therefrom.  But  this  platinum  is  an  essential  in 
many  industries.  It  is  a  metal  of  which  we  must  have  a  certain 
quantity,  even  when  a  large  demand  and  lack  of  supply  sends 
the  cost  temporarily  to  over  $40  an  ounce,  as  has  been  the  case 
within  the  last  year. 

Within  the  short  space  of  four  years  the  element  platinum 
has  taken  on  an  entirely  new  significance  as  an  industrial  metal. 
This  can  be  concisely  expressed  by  the  fact  that  its  price  has 
increased  practically  ten-fold  in  that  time.  If  we  consider  for  a  mo- 
ment this  change  in  the  position  of  platinum  relative  to  other  met- 
als, it  will  develop  clearly  the  important  characteristic  of  this  ele- 
ment and  its  kin-folk.  The  remarkable  change  in  the  price  has 
included  a  human  element  of  great  significance,  and  one  which 
we  shall  consider  first  in  order  to  dispose  of  it.  Let  us  con- 
sider, therefore,  as  more  interesting  to  this  audience  (although 
not  more  significant  perhaps  in  its  effect  upon  the  metal)  the 
features  in  the  price  fluctuations  in  this  metal  due  to  human 
agencies.  It  should  be  recognized  that  the  association  of  deal- 
ers in  platinum,  including  the  French  Platinum  Society,  the 
firm  of  Hereaus  in  Hanau,  Germany,  Johnson  &  Mathey,  in 
England,  and  one  or  two  other  smelters  of  platinum,  have  un- 
dertaken to  assume  charge  of  the  destinies  of  platinum,  and 
temporarily  at  least,  have  placed  its  statistical  position  where 
it  never  would  have  been  without  their  connivance.  This  asso- 
ciation is  generally  supposed  to  have  the  support  of  several 
other  concerns,  more  or  less  prominently  connected  with  the 
distribution  of  platinum  to  the  various  industries  that  con- 
sume it.  For  several  years  there  has  been  apprehension  of  a 
platinum  famine.  The  reasons  for  this  apprehension  are  vari- 
ously stated  by  diverse  interests.  On  the  one  hand  'the  plausi- 
ble statement  is  made  that  during  the  Russian-Japanese  war 
the  miners  in  the  Urals  were  pressed  into  military  service, 
with  none  to  take  their  place  in  the  platinum  mines,  and  later 
the  internal  disturbances  in  Russia,  have  been  equally  disas- 
trous to  the  platinum  production.  This  argument  is  com- 
batted  by  rival  interests,  who  maintain  that  the  production  has 
not  diminished  in  Russia, but  that  the  platinum  merchants  have 
assumed  control  and  have  hoarded  the  supply.     For  example. 
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I  have  talked  with  scientific  gentlemen  who  have  seen  an 
amount  of  platinum  hoarded  in  Hanau  very  much  in  excess  of 
the  stock  naturally  re(|uired  by  the  owning  concern.  It  is  ar- 
gued further  that  the  demand  for  platinum  has  largely  ex- 
tended, but  no  one  is  ready  to  point  out  the  cause  of  such 
extension  except  the  natural  growth  of  the  industries  to 
which  platinum  is  incidental.  It  seems  to  the  speaker  that  the 
great  and  sudden  changes  can  only  be  explained  by  adding  the 
two  causes  together,  and  still  the  sudden  jump  in  value  is 
almost   marvelous. 

Platinum  production  has  always  been  essentially  a  placer 
mining  matter,  and  it  is  only  natural  to  expect  quick  exhaust- 
ion of  the  most  profitable  ground  and  increasing  scarcity  of  the 
product.  It  is  a  marvel  that  Russia  has  kept  up  its  production 
as  well  as  it  has,  and  we  must  recognize  a  minor  benefit  to 
mankind  from  the  manifestly  barbarous  practice  of  consigning 
political  prisoners  to  exile  in  Siberia,  where  they  furnish  the 
cheap  labor  for  platinum  mining.  Apparently  the  placer 
deposits  which  have  yielded  platinum  in  the  Ural  Moun- 
tains of  Russia  have  at  last  become  so  impoverished  that 
the  determination  is  evident  among  platinum  users  to  look 
elsewhere  over  the  world  for  future  supplies.  In  this  quest 
South  America  has  been  turned  to  again  and  again  in  the 
hope  of  utilizing  the  placer  deposits  of  the  West  Coast.  The 
supply  there  is  evidently  second  only  to  Russia  in  the  amount 
of  platinum  which  could  be  furnished.  Each  time,  however, 
development  of  these  deposits  has  been  repelled  by  malarial 
fever  and  by  governmental  interference,  and  after  attention  to 
platinum  in  Australasia  the  seekers  have  now  turned  determin- 
edly to  the  West  Coast  of  the  United  States.  Our  two  years' 
experience  in  investigating  this  region  leads  to  the  i)elief  that 
for  practical  pur])oses  our  W'est  Coast  must  be  considered  as 
the  most  favorable  hunting  ground  of  the  future  for  the  plat- 
inum metals,  and  we  hojie  also  that  the  deposits  of  copper  and 
iron  sulphides  in  which  platinum  and  palladium  have  been 
found  lately  in  the  course  of  the  extraction  of  other  metals, 
will  yield  a  supply  of  platinum  for  the  distant  future  when  our 
placers  have  followed  the  course  of  Russia  and  become  poorer 
more  rapidly  than  the  facilities  for  extraction  shall  have  in- 
creased. 
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A  glance  at  a  map  will  show  where  platinum  is  found  in  the 
West  and  why. 

Let  us  then  consider  the  conditions  of  occurrence  of  plat- 
inum in  California  and  Oregon.  We  should  remember  that 
practically  the  first  mention  of  platinum  in  the  United  States 
was  by  Blake,  who  first  found  it  as  almost  a  fine  powder  in  the 
fine  heavy  sands  of  the  Pacific  Beach  in  the  neighborhood  of 
Port  Orford,  near  the  mouth  of  Rogue  River,  Oregon.  Blake 
made  quite  a  study  of  the  platinum,  and  found  that  it  was  usu- 
ally about  one-tenth  as  common  as  gold  on  the  various 
beaches,  and  the  proportion  of  platinum  with  gold  was  found 
to  be  greater  going  farther  north  along  the  beach  into  Coos 
County.  Not  long  after  this  Silliman  investigated  the  heavy 
sands  in  Butte  County,  California,  especially  near  the  village 
of  Cherokee.  He  noted  platinum  and  its  associated  metals, 
iridium  and  osmium,  and  this  village  of  Cherokee  has  remained 
a  classic  spot  for  the  ^tudy  of  platinum  and  its  allies  in  black 
sands.  Later  studies  by  various  authorities  have  revealed 
platinum  in  many  localities  in  Del  Norte,  Humboldt,  Siskiyou 
and  Trinity  Counties  in  California,  and  directly  joining  these 
counties  in  Oregon  platinum  is  found  to  a  very  marked  ex- 
tent in  Josephine  and  Jackson  Counties  as  well  as  in  Curry  and 
Coos  Counties  already  referred  to.  In  order  to  make  anything 
like  a  complete  picture  of  the  occurrence  of  platinum  in  the 
West,  we  must  think  also  of  the  Pacific  beaches  in  Washington, 
and  of  a  very  remarkable  platinum  locality  near  the  head 
waters  of  the  Similkameen  River,  B.  C.  Platinum,  together  with 
josephinite.  is  quite  plentiful  on  the  head  waters  of  the  Fraser 
River,  particularly  near  Lilloeet,  in  British  Columbia.  In  the 
southern  part  of  California,  the  shores  of  Monterey  Bay,  and 
the  southern  part  of  San  Luis  Obispo  County  and  of  Santa 
Barbara  County  are  also  significant  platinum  localities.  In 
connection  with  the  locality  already  referred  to  in  Butte 
County,  it  should  be  noted  that  platinum  has  been  traced 
northward  to  the  northwestern  corner  of  Plumas  County,  and 
southward  as  far  as  Marysville,  in  Butte  County.  If,  therefore, 
we  think  of  one  very  large  locality  comprising  the  four  south- 
western counties  of  Oregon  and  extending  south  to  include  the 
four  northwestern  counties  of  California,  and  with  a  detached 
deposit  in  Butte  and  Plumas  Counties  and  another  in  Mon- 
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terey,  San  Luis  Obispo  and  Santa  Barljara  Counties,  still  an- 
other stretch  along  the  Washington  beach,  and  another  in 
Southern  British  Columbia,  we  can  fix  in  our  minds  the  prin- 
cipal hunting  ground  of  the  future  for  this  precious  metal,  lately 
priced  at  twice  the  value  of  gold.  To  be  at  all  complete,  we 
must  point  to  minor  localities  in  California;  along  the  Snake 
River  near  its  mouth,  in  Idaho,  sporadic  occurrences  in  Montana, 
and  unexplored  suggestions  of  large  deposits  in  southeastern  and 
southwestern  Utah.  In  the  elfort  at  completeness  we  must 
also  call  attention  to  some  gravels  in  the  neighborhood  of  Balti- 
more, Maryland,  and  to  the  fact  that  platinum  has  been  dis- 
covered minerallogically  in  North  Carolina ;  in  a  glacial  drift  on 
Lake  Cham])lain.  and  that  commercial  quantities  have  been 
found  in  Sudlniry.  Canada,  and  a  deposit  much  like  this  Sud- 
bury material  also  gives  commercial  promise  southwest  of 
Laramie,   Wyoming. 

Before  we  confuse  ourselves  with  these  minor  occurrences, 
it  is  well  to  fix  our  attenticMi  on  the  California  and  Oregon 
main  fields  by  a  glance  at  the  geological  map  of  California. 
These  maps  show,  by  certain  numbers,  the  principal  rocks 
noted  in  different  localities.  11ie  more  we  study  this  maj)  the 
more  c\ident  it  will  become  that  the  placer  mines  containing 
I)latinuni  are  rich  in  so-called  black  sands.  These  black  sands 
are  for  all  practical  intents  and  i)urposes  a  mixture  of  chromite 
(as  the  most  significant  factor),  together  with  magnetite,  ilmen- 
ite,  and  a  few  other  heavy  minerals.  The  practically  universal 
occurrence  of  chromite  in  such  of  the  placers  as  yield  platinum 
enables  us  to  trace  this  heavy  sand  back  practically  every  time 
to  large  masses  of  serpentine.  This  serpentine,  you  will 
notice,  particularly  characterizes  the  coast  range  by  remarka- 
ble i)ersistent  series  of  large  masses  extending  north  and  south 
through  the  counties  of  California  and  Oregon  where  we  have 
already  noted  platinum  as  being  plentiful.  I  wish  to  bring 
out  particularly  clearly' not  only  the  fact  that  platinum  is  allied 
with  these  i)articular  basic  magnesian  rocks,  but  that  the  plati- 
num sand  washed  from  these  sands  is  peculiarly  characterized. 
Practically  always  it  carries  iridium  and  osmium.  Usually 
these  two  elements  in  the  form  of  iridosmium  form  a  considera- 
ble percentage  of  the  entire  amount  of  platinum  metals.  Oc- 
casionallv  they  exceed  the  platinum  in  frccpiency.     Palladium 
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is  infrequent.  Ruthenium,  be  it  remarked,  is  a  characteristic  of 
the  platinum  found  in  one  locahty,  Josephine  County,  Oregon. 
It  would  be  easy  to  state  the  region  of  a  given  specimen  of  plat- 
inum sand,  if  this  ruthenium  is  noted  in  it.  The  sand  in  other 
respects,  however,  is  like  the  mixture  of  platinum  metals  found 
elsewhere  throughout  this  region.  It  is  well  at  this  point  to 
leave  the  Pacific  Coast  for  a  moment  in  order  to  contrast  this 
occurrence  with  those  in  Sudbury,  Canada,  and  the  analogous 
deposit  in  the  Rambler  copper  mines,  and  the  also  analogous 
occurrence  of  platinum  in  copper  ores  in  southwestern  Utah. 
In  the  Rambler  mine  iridosmium  is  as  yet  unknown.  Palladium 
and  platinum  prevail,  and  so  far  not  in  metallic  state,  but  as  arsen- 
ides. Further,  where  the  platinum  and  palladium  thus  occur 
as  arsenides  in  deposits  of  sulphide  of  iron  and  copper,  the  as- 
sociated rocks  are  not  olivine  and  its  derivatives,  but  vary  so 
greatly  among  themselves  as  to  bear  no  simple  relation  to  the 
occurrence  of  platinum  in  them. 

The  most  frequent  heavy  mineral  in  these  "black  sands" 
is  magnetic  iron  ore;  this  not  only  almost  everywhere,  but  the 
percentage  is  frequently  high.  In  eighty  samples  taken  from 
the  Pacific  beaches,  from  San  Diego  in  Southern  California,  to 
Cape  Flattery,  Washington,  the  magnetic  iron  ore  averaged 
twelve  per  cent.  Naturally,  our  sands  were  usually  concen- 
trates, and  this  is  not  intended  as  an  average  for  the  whole 
coast.  Still,  several  samples  showed  forty  per  cent,  of  mag- 
netic iron,  and  four  car-loads  from  the  mouth  of  the  Columbia 
River  contained  thirty-three  per  cent.  Similarly,  the  sand  at 
the  mouth  of  Gray's  Harbor,  Washington,  was  unusually  rich 
in  magnetic  iron.  In  fact,  a  dozen  or  more  places  were  found 
where  the  iron  ore  could  be  separated  in  pure  form  at  a  total 
cost  on  board  barges  in  Still  water  for  less  than  $i.oo  per  ton 
and  containing  over  sixty-five  per  cent,  metallic  iron. 

It  should  be  recalled  that  your  own  authority,  John  Birkin- 
bine,  for  years  the  honored  president  of  this  Institute,  pointed 
out  years  ago  this  important  source  of  iron  for  the  Pacific 
States. 

Lest  some  objection  might  be  made  to  the  quahty  of  this 
iron  ore,  it  should  be  pointed  out  that  with  the  cooperation  of  the 
Portland  General  Electric  Company,  this  iron  ore  was  smelted  in 
the  ordinary  arc  electric  furnace  of  the  Heroult  type  and  satisfac- 
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tory  pig  iron  made,  w  hich  showed  unusual  toughness,  due  to  one- 
half  per  cent,  titanium  which  it  contained. 

From  what  has  been  said,  surely  you  will  recognize  that  the 
time  has  come  in  many  branches  of  our  mineral  industry  where, 
instead  of  simply  using  our  richest  mineral  deposits  until  they 
are  exhausted,  we  are  already  supplementing  them  by  enrich- 
ing humbler  low  grade  materials  and  making  them  equally 
efificient.  And  in  the  concentration  process  it  will  be  well 
always  to  keep  a  watchful  eye  for  useful  by-products. 

The  great  gain  in  this  new  era  of  concentrating  processes 
rests  not  alone  upon  the  fact  of  adding  greatly  to  our  available 
mineral  wealth,  but  most  essentially  in  the  beneficial  change  of 
our  mining  industry  from  the  pursuit  of  hidden  treasure  to  the 
encouragement  of  mechanical  and  chemical  advance  in  ap- 
plying waste  materials  to  the  benefit  of  humanity. 


MEASUREMENT  OF  ICE-BOUND  STREAMS. 

The  laws  governing  the  flow  of  rivers  that  are  frozen  over  have  recently 
been  investigated  by  members  of  the  United  States  Geological  Survey.  A 
paper,  entitled  "Determination  of  Stream  Flow  During  the  Frozen  Sea- 
son." by  Messrs.  H.  K.  Bnrrows  and  R.  E.  Horton.  has  been  published  in 
which  the  effort  is  made  to  formulate  methods  for  estimating  the  flow 
under  such  conditions,  and  important  recommendations  as  to  methods  are 
made. 

Estimates  of  the  flow  of  rivers  are  made  in  all  parts  of  the  country.  To 
a  great  extent  these  are  based  on  daily  gage  readings  and  numerous  cur- 
rent-meter measurements.  In  the  northern  and  central  parts  of  the  United 
States  the  streams  may  be  closed  by  a  more  or  less  permanent  ice  cover  for 
a  considerable  portion  of  the  year.  This  period  varies  from  nearly  five 
months  in  the  extreme  north  to  a  few  weeks  or  less  in  the  Central  and 
Atlantic  States.  The  methods  in  use  for  estimating  flow  under  open- 
channel  conditions  have  become  well  defined,  and  the  limits  of  accuracy  are 
known  to  be  reasonable.  On  the  other  hand,  the  study  of  the  flow  of 
streams  under  ice  cover  is  but  just  started,  and  in  order  to  systematize  the 
accumulation  of  data  and  to  provide  the  material  in  convenient  form  for 
future  use  it  is  desirable  that  certain  general  methods  be  followed. 

As  estimates  of  flow,  to  be  of  conclusive  value  on  streams  utilized  for 
water  power,  must  embrace  these  winter  periods  of  low  water,  it  is  easy  to 
see  the  importance  of  this  inquiry. 


According  to  a  U.  S.  consular  report,  thorianite,  one  of  the  rare  min- 
erals,   has   been   discovered   in   a    riverbed    of    Ceylon.     Quantities    of   the 
mineral  have  been  mined,  and  have  sold  at  $8500  per  ton. 
Vol..  CLXIV.     No.  980  10 
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THE  CEMENT  INDUSTRY  IN  1906. 

The  following  statement,  issued  by  the  United  States  Geological  Sur- 
vey, shows  the  approximate  production  of  hydraulic  cements  in  the  United 
States  for  the  calendar  year  1906. 

This  statement  is  exact  within  a  small  fraction  of  one  per  cent,  and  is 
issued  in  advance  of  the  annual  report  on  the  production  of  cement  which  is 
now  being  prepared  in  that  Bureau.  The  returns  on  which  it  is  based  are 
complete  with  the  exception  of  those  from  four  small  plants. 

The  total  production  of  all  kinds  of  hydraulic  cement  in  1906,  including 
Portland,  natural-rock  and  Puzzolan  cements,  was  50,027,321  barrels,  valued 
at  $54,015,713- 

Of  the  above  total  amount  of  cement  manufactured  in  the  United  States 
in  1906,  45,610,822  barrels  were  Portland  cement,  with  a  value  of  $51,240,652; 
3-935'275  barrels  were  natural-rock  cement,  with  a  value  of  $2,362,140;  and 
.481,224  barrels  were  Puzzolan  cement,  valued  at  $412,921. 

Prices  were  good  in  1906,  and  showed  an  advance  over  those  of  1905. 
The  total  production  of  cement  in  1905  was  40,894,308  barrels,  valued  at 
'.$36,012,189.  Comparison  of  totals  for  1905  and  1906  shows  an  increase  in 
1906  of  9.133,013  in  production  and  $18,003,524  in  value. 


QUARRYING  ICE  IN  SWITZERLAND. 

The  introduction  of  electric  railroads  into  Alpine  districts  has  been  the 
means  of  establishing  a  new  industry — namely,  the  quarrying  of  glacier  ice  for 
distribution  in  large  cities.  It  would  appear  that  certain  of  the  Swiss  com- 
munes have  been  able  to  grant  concessions  of  their  glaciers  for  this  purpose, 
and  considerable  sums  have  been  expended  in  constructing  ice  slides  or  V- 
shaped  troughs,  in  which  the  blocks  of  ice,  often  of  large  size,  blasted  out  of 
the  glacier,  are  transported  to  the  vicinity  of  the  stations  for  conveyance  in 
carefully  refrigerated  cars  to  Lyons  and  other  large  cities  remote  from  the 
Alps.  The  method  of  blasting  with  black  powder  so  as  to  avoid  the  discolora- 
tion and  soiling  of  the  ice,  and  the  engineering  ability  displayed  in  erecting 
the  slides  and  in  providing  sufficient  friction  by  means  of  curves  to  avoid  ex- 
cessive speed  in  the  downward  journey  of  the  ice  blocks,  are  spoken  of  as 
examples  of  considerable  ingenuity  and  skill. — Metal  Worker,  Plumber  and 
Steam  Fitter. 


CLAYS  OF  THE  ST.  LOUIS,  MISSOURI,  DISTRICT. 
In  the  year  1905  St.  Louis  produced  and  sold  about  $5,000,000  worth  of 
clay  products — approximately  one-thirtieth  of  the  entire  output  of  the 
United  States.  A  very  large  proportion  of  these  were  made  from  fire 
clays,  dug  in  a  single  section  within  the  city  limits.  A  brief  description  of 
the  clay  resources  of  the  St.  Louis  district,  prepared  by  N.  M.  Fenneman. 
is  included  in  the  United  States  Geological  Survey's  "Conributions  to 
Economic  Geology,  1906"  (Bulletin  314),  just  published  and  obtainable  on 
application  to  the  Director  of  the  Survey,  at  Washington,  D.  C.  The 
paper  contains  also  references  to  available  beds  of  shale  and  brick  clay 
near  the  city  and  a  map  showing  the  locations  of  the  fire-clay  mines. 
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(Stated  Meeting  held  Thursday,  May  pth,  190J.) 


The  Goldfields  District,  Nevada. 

(abstract.) 


The  new  camp  of  Goldfields,  in  Nevada,  was  revisited  in 
November  of  1904  by  Mr.  J.  E.  Spurr,  of  the  United  States 
Geological  Survey.  This  district  lies  about  2}^\  miles  south 
of  Tonopah.  and  was  located  late  in  the  spring-  of  1903.  Shortly 
after  the  discovery  of  gold  in  this  district  it  was  visited  by  Mr. 
Spurr.  A  little  work  was  then  in  progress  on  what  is  now 
known  as  Columbia  Mountain,  but  up  to  that  time  no  good 
strikes  had  been  made.  In  January  and  February,  1904,  how- 
ever, rich  finds  were  made  in  certain  spots  south  of  Columbia 
Mountain.  During  the  next  year  the  district  acquired  an  approxi- 
mate population  of  6,000.  The  town  of  Goldfields  has  sprung  up, 
and  a  number  of  smaller  adjacent  camps  have  been  established. 

The  district  is  bounded  on  the  west  in  part  by  a  lava-capped 
mesa,  the  erosion  of  which  has  laid  bare  the  underlying  gold- 
bearing  rock.  The  auriferous  region  is  characterized  by 
numerous  low,  irregular  ridges  standing  out  from  the  lower 
and  more  nearly  level  surface.  These  ridges  owe  their  origin 
to  hard  reefs  of  quartz  which  form  their  crests.  Their  resist- 
ance to  erosion  has  left  them  protruding  thus  above  the  gen- 
eral elevation,  and  in  these  quartz  reefs  the  auriferous  deposits 
are  found. 

Columbia  Mountain  is  the  most  prominent  of  these  ridges, 
and  some  notes  on  its  geology  Were  made  public  by  ^Pr. 
Spurr,  in  Bulletin  225,  published  by  the  United  States  Geo- 
logical Survey.  Near  the  south  end  of  the  ridge  the  rock  is 
largely  alaskite  (an  igneous  rock  consisting  of  quartz  and  feld- 
spar), which  is  sometimes  of  granitic  structure,  and  sometimes 
very  fine-grained,  even  resembling  quartzite.  White  mica  or 
muscovite  is  sometimes  present,  and  pure  quartz  veins  of  dikes, 
of  similar  origin,  also  occur.  These  alaskitic  rocks  are  intru- 
sive into  a  dark  siliceous  rock  (jasperoid)  which  is  probably  the 
result  of  the  silicification  of  an  original  limestone.  We  may 
suspect  that  this  limestone  was  paleozoic,  and  that  the  alaskite 
is.  post-Jurassic.     On    the    north    end    of    the    Mountain    the 
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rock  is  a  very  much  altered  rhyolite ;  in  this  rhyoHte  are 
broad  masses  of  white  to  purplish  and  reddish  cherty  quartz, 
which  extend  irregularly  in  a  northerly  direction.  This  quartz 
is  simply  a  highly  silicified  rhyolite.  The  silicitied  areas 
have  ill-defined  walls,  and  the  highly  mineralized  portions 
which  they  enclose  are  very  irregular. 

On  his  last  visit  Mr.  Spurr  took  notes  over  an  extended  area, 
and  made  interesting  additions  to  his  knowledge  -of  the  geol- 
ogy of  the  district.  The  area  of  known  ore  bodies  has  spread 
so  far  beyond  Columbia  Mountain  that  values  are  now 
found  over  an  area  several  miles  square.  The  most  pro- 
ductive area  measures  two  to  two  and  a-half  miles  in  either 
direction.  The  chief  mines  at  the  present  time  are  the  Jumbo, 
the  Combination,  the  January,  and  the  Florence,  all  grouped 
together  about  a  mile  south  of  the  southeast  end  of  Columbia 
Mountain.  Some  nine  miles  southeast  of  Columbia  ^Mountain 
is  the  Diamondfields  group,  including  the  Vernal,  the  Quartz- 
ite,  and  Black  Butte,  from  which  shipments  have  also  been 
made.  Other  ore  deposits  have  been  developed  in  various 
parts  of  the  field. 

The  rocks  in  that  part  of  the  field  visited  by  Mr.  Spurr  on  his 
last  trip  (the  region  of  Columbia  Mountain.  Diamondfields,  and 
the  Jumbo  group  of  mines)  were  found  to  be  almost  entirely 
volcanic,  consisting  of  rhyolites,  rhyolite  tuffs,  andesites  and 
basalts,  all  probably  of  Tertiary  age.  The  alaskite  and  jasper- 
oid  of  Columbia  Mountain  are  hardly  represented  in  the  sui^ 
rounding  district.  The  predominant  rocks  are  abundant 
rhyolites  and  andesites,  while  basalt  is  rare.  One  andesite 
examined  microscopically  from  near  the  Tonopah  Club  is 
a  hornblende  andesite,  resembling  the  early  andesite  at 
Tonopah ;  a  patch  of  basalt  from  near  the  Florence  is  an 
augite  basalt,  like  the  basalt  of  Siebert  Mountain  at  Tonopah. 
The  rhyolite  resembles  the  rhyolite  of  the  Gold  Mountain  dis- 
trict, which  lies  about  four  miles  south  of  Tonopah.  on  the  road 
between  Tonopah  and  Goldfields;  and  this  Gold  Mountain  rhy- 
olite, again,  resembles  closely  some  of  the  phases  of  the  earlier 
(dacitic)  rhyolite  at  Tonopah.  The  relative  age  of  the  rocks 
at  Goldfield  has  not  been  determined,  but  it  probably  corre- 
sponds to  that  of  similar  rocks  at  Tonopah. 

At  Goldfields  the  ores  occur  in  both  rhyolites  and  andesites, 
showang  that  mineralization  occurred  subsequent  to  the  ervip- 
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tion  of  both  lavas.  At  Gold  Mountain  the  deposition  of  the 
ores  evidently  followed  the  eruption  of  the  rhyolites,  and  at 
Tonopah  the  eruption  of  the  earlier  (dacitic)  rhyolites  was  suc- 
ceeded by  a  period  of  mineralization  which  produced  irregular 
veins  that  frequently  carry  a  larger  proportion  of  gold  than 
the  locally  more  important  veins  formed  after  the  eruption  of 
the  early  andesite.  There  is  therefore  the  possibility  that  the 
Goldfields  deposits  are  identical  in  origin  with  the  later  series 
of  veins  at  Tonopah.  Indeed  there  are  at  Tonopah,  in  one 
place  at  least,  mineralized  quartz  reefs  in  rhyolite  tuffs  that 
have  the  same  peculiar  characteristics  as  the  tuffs  of  the  Gold- 
fields  reefs ;  and  assays  of  these  Tonopah  deposits,  as  was 
known  to  ]\lr.  Spurr  two  years  ago,  have  shown  a  moderate 
amount  of  gold  and  no  silver. 

At  Goldfields  there  are  no  definite  veins.  The  outcrops  of 
the  quartz  bodies  are  irregular,  straggling,  branching,  and  apt 
to  disappear  suddenly.  Neither  were  any  definite  systems 
observed,  though  further  study  might  reveal  them.  There 
seems,  however,  to  be  a  tendency  to  elongation  in  a  northerly 
direction.  The  outciops  may  even  be  nearly  circular,  or  cres- 
centic.  and  frequently  they  are  roughly  lenticular  and  inter- 
mittent. The  quartz  itself  is  gray  and  jaspery;  it  is  almost  en- 
tirely due  to  the  silicification  of  the  volcanic  rock  in  which  it 
occurs.  Practically  no  ordinary  crystalline  vein  quartz  was  ob- 
served. 

All  indications  show  that  this  silicification  (and  the  accom- 
panying mineralization)  is  the  work  of  hot  springs,  and  that 
these  irregular  reefs  represent  the  horizontal  sections  of  col- 
umns of  rocks  traversed  by  rising  columns  of  hot  water.  Had 
the  rocks  been  strongly  fractured  we  should  have  had  veins, 
like  those  of  the  early  andesite  at  Tonopah,  which  were  also 
probably  due  to  hot  spring  action ;  but  at  Goldfields  the  lack  of 
such  a  fracture  system  resulted  in  this  curious  and  rather  unu- 
sual type  of  deposit.  It  follows  that  the  quartz  reefs  will  prob- 
ably, as  a  rule,  extend  deeper  vertically  than  horizontally,  and 
so  have  roughly  the  nature  of  columns  or  pipes. 

Although  showing  disseminated  pyrite.  the  greater  part  of 
one  of  these  jaspery  cjuartz  reefs  contain  little  or  no  gold.  Mi- 
croscopic investigation  has  shown  in  one  case  that  in  such 
quartz  the  iron  of  the  pyrite  is  probably  mainly  indigenous. — 
that  is.  that  the  iron  sulphide  has  been  formed  by  the  action  of 
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sulphur  contained  in  the  hot  spring  waters,  upon  the  iron  sili- 
cates contained  in  the  hornblende  and  bietite.  This  explains 
the  absence  of  gold,  as  the  pyrite  has  the  same  origin  as  the 
barren  pyrite  near  the  ore  bodies  in  the  country  rock  at  Tono- 
pah.  Within  some  of  the  barren  reefs  of  silicified  rock  at 
Goldfields,  however,  prospecting  has  sometimes  discovered 
portions  containing  gold,  even  in  large  quantities.  Such  por- 
tions are  usually  lenticular  or  irregular,  like  the  main  quartz 
reefs,  and  they  are  not  easily  distinguishable  from  the  barren 
quartz,  except  by  panning  or  assaying;  but  it  seems  probable 
that  these  sheets  are  the  real  ore  deposits,  and  that  the  mass  of 
the  reefs  constitutes  merely  a  siliceous  jacket  or  casing,  such  as 
is  shown  to  surround  ore  bodies  in  some  other  parts  of  the 
w^orld.  While  this  siliceous  casing  may  be  twenty-five  or 
thirty  feet  wide,  the  auriferous  portion  may  be  only  one  or  two 
feet ;  and  the  form  and  extent  of  this  portion  become  evident 
only  after  the  ore  has  been  extracted.  It  is  then  seen  to  have  a 
definite  channel-like  shape,  often  more  regular  than  that  of  the 
whole  outcropping  reef,  though  it  has  usually  a  limited  extent 
in  the  direction  of  its  greatest  elongation.  It  seems  probable 
that  these  pay  shoots  represent  the  main  channels  of  hot-water 
circulation,  while  the  siliceous  casings  are  the  result  of  the 
water  soaking  through  the  adjacent  rock. 

The  ores  are  often  of  very  high  grade.  As  an  extreme  ex- 
ample may  be  noted  a  shipment  of  14^  tons  from  the  Sand- 
storm (Kendall  claim),  which  when  worked  in  a  stamp  mill 
yielded  $45,783  net,  while  the  tailings  still  contained  about 
$1,000  to  the  ton.  From  the  McKane-Bowes  lease  on  the 
Jumbo,  $600,000  W'as  taken  out  in  five  months,  from  a  space  of 
100  feet  horizontally  and  200  feet  vertically  on  the  sheet.  One 
small  shipment  of  917  pounds  of  ore  from  this  lease  gave  gross 
returns  of  $4,766.  The  whole  production  of  the  camp  has 
been  from  ore  which  may  be  roughly  estimated  as  averaging 
$200  to  $300  per  ton,  or  more.  The  values  are  all  in  gold ; 
silver  is  usually  practically  absent ;  although  the  shipping  ore 
from  the  Combination  mine  contains  from  one  to  three  ounces. 

It  is  important  to  consider  the  origin  of  this  rich  ore  in  order 

to  make  prophecies  for  the  future.     Most  of  that  which  up  to 

the  present  time  has  been  extracted  has  been  oxidized  ore. 

The  ores  are  mixed  sulphides  (usually  pyrite)  and  oxides,  clear 

up  to  the  surface.     The  oxidized  material,  wdiich  follows  cracks 
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and  seams,  is  usually  several  times  (sometimes  several  hundred 
times)  as  rich  as  the  unoxidized  portion.  The  irregular  spongy 
nature  of  the  free  gold  particles  in  such  oxidized  material  com- 
pletes the  proof  that  this  gold  has  been  dissolved  and  redepos- 
ited  in  a  concentrated  form  during  the  process  of  oxidation. 
Iron  sulphate  derived  from  oxidation  of  the  pyrites  is  the  prob- 
able agent.  A  peculiar  yellow  coating  pointed  out  to  Mr. 
Spurr  as  the  best  sign  of  values  in  the  oxidized  ores,  was  shown 
by  Dr.  Hillebrand  to  be  a  basic  ferric-alkali  sulphate,  contain- 
ing both  sodium  and  potassium, — perhaps  jarosite.  Other  sul- 
phates, such  as  alum  and  gypsum,  are  abundant.  These  oxi- 
dized ores  are  prepared  for  shipment  by  screening,  the  fines 
being  shipped  and  the  coarse  quartz  rejected. 

As  the  water  level  at  Goldfields  is  usually  high  for  this  desert 
country  (water  having  been  encountered  in  several  shafts  at 
130  to  200  feet)  it  is  plain  that  this  oxidized  ore  is  only  a  tem- 
porary supply.  In  the  Combination  and  the  Florence,  how- 
ever, sulphide  ores  of  very  high  grade  have  been  found  below 
the  oxidized  zone.  In  these  mines  a  dark  gray  copper-bearing 
mineral,  which  is  very  rich,  is  most  intimately  connected  with 
the  gold.  A  specimen  from  the  Combination,  analyzed  by  Dr. 
Hillebrand,  proves  to  be  a  sulpho-salt  of  copper,  antimony,  and 
arsenic,  which,  so  far  as  qualitative  composition  goes,  may  be 
tetrahedrite.  Tellurium  is  also  present  in  this  ore.  and  the 
same  element  has  been  reported  elsewhere  in  the  district. 
Therefore  the  sulphide  ores  also  may  be  very  rich.  Moreover, 
while  the  difference  between  the  oxidized  and  the  unoxidized 
portions  of  the  ores  within  the  zone  of  oxidation  is  in  general 
so  great,  certain  sheets  occur,  as  in  the  January  and  the  Jumbo, 
where  the  unoxidized  quartz  in  this  zone  is  of  extremelv  high 
grade.  Such  ore  appears  to  be  mostly  pyrite.  but  in  view  of  the 
fact  that  tellurium  is  found  in  the  district,  it  is  very  possible 
that  gold  telluride  may  be  present.  It  therefore  appears  prob- 
able that  the  rich  oxidized  ores  owe  their  richness  not  primarily 
to  concentration  during  oxidation  (though  this  process  has 
certainly  been  very  important),  but  to  the  existence  of  rich  an- 
tecedent (sulphide)  ore. 

Concerning  the  origin  of  these  sulphides,  it  is  probable  that 
some,  so  far  as  can  now  be  seen,  are  purely  primarv.  while  oth- 
ers have  been  formed  subsequent  to  the  main  silicification  of 
the  reef,  as  in  the  Combination  mine.     Here  the  rich  aurifer- 
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ous  sulphides  have'  formed  in  a  broken  zone  (breccia-zone)  in 
the  silicified  barren  reef,  and  occur  as  seams,  and  often  as  coat- 
ings in  the  pebbles  in  the  breccia.  The  question  arises,  how- 
ever, as  to  whether  the  subsequent  mineralization  was  the  re- 
sult of  descending-  or  ascending  waters.  Concerning  this  the 
evidence  is  not  conclusive,  but  there  is  no  sufficient  evidence 
that  these  rich  ores  have  been  concentrated  from  the  lean  ante- 
cedent quartz  mass.  The  presence  of  elements  like  arsenic, 
antimony,  and  tellurium  in  the  subsequent  sulphide  ore  sug- 
gests a  deep-seated  origin. 

Besides  the  elements  mentioned  above,  bismuth  occurs  in 
the  ore.  In  the  January  it  occurs  in  the  oxidized  ores  in  the 
form  of  silvery  scales,  which  is,  as  determined  by  Dr.  Hille- 
brand.  bismuth,  perhaps  the  oxide  bismite.  In  the  Combina- 
tion long  needle-like  crystals  have  been  found,  which,  accord- 
ing to  the  manager,  Mr.  Collins,  give  the  chemical  tests  for 
bismuth  sulphide,  bisrnuthinite.  The  silvery  mineral  above 
noted  is  sometimes  found,  in  the  January,  arranged  in  long  rod- 
like forms,  and  these  are  probably  pseudomorphs  after  the  sul- 
phide. In  the  January  this  silvery  mineral  is  usually,  but  not 
always,  an  indication  of  rich  ore.  Barite  is  a  common  mineral 
in  all  these  deposits,  but  is  not  abundant. 

The  indications  are,  therefore,  not  unfavorable  to  the  contin- 
uance of  high-grade,  or  at  least  good-grade  ores,  down  to  con- 
siderable depths.  There  is,  however,  as  has  been  already 
demonstrated  by  exploitation,  no  continuous  regularity  to  the 
ore  shoots,  whether  sulphide  or  oxidized.  They  are  curving, 
irregular,  and  often  lenticular,  but  it  may  happen  that  below  a 
shoot  which  has  come  to  an  end,  another  shoot  may  be  found 
occupving  a  slightly  different  relative  position,  or  even  over- 
lapping the  first.  Similarly,  the  main  quartz  masses  as  a 
whole  can  be  expected  to  show  little  regularity  in  depth ;  they 
may  increase  in  size,  or  diminish, — or  even  disappear,  at  least 
temporarily. 


Erratum. 


Ari.  Obliolzer,  Extract  of  Report  on  the  Methods  Used  to  Avoid  Piping   in 
Steel  Ingots,  &c.,  July,  1907.     Page  6,  line  i,  for  inches  read  feet. 
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Southern  Appalachian  Streams.* 

By  Charles  E.  Waddell, 
Consultinj;  Engineer.   Biltmnre.   N.   C. 


As  the  streams  of  the  Southern  Appalachians  are  destined  to 
play  an  important  role  in  the  in<lustrial  development  of  the 
Scjutli,  1  cleem  a  consideration  of  their  characteristics  and  sali- 
ent features  of  sufficient  interest  to  merit  \o\\x  attention  to-night. 

From,  the  days  of  the  Colonies  until  the  time  of  the  Civil 
War  the  South  was  essentially  an  agricultural  community  and 
little  or  no  manufacturing  was  done.  Events  subsecpient  to 
the  Civil  War  have  changed  the  conditions,  and  the  South  is 
becoming  not  only  the  leading  producer  in  the  three  great 
croi)S  of  cotton,  rice,  and  tobacco,  but  it  is  forging  ahead  along 
industrial  linos.  Not  very  long  ago  cotton  was  exported  from 
the  fields  of  .\labama  and  Cioorgia  to  the  factories  of  Xew 
England.  It  is  now  generally  recognized  that  the  l)etter  prac- 
tice is  to  hnish  the  raw  product  where  it  is  produced,  hence  the 

*\  lecture  delivered  before  Fr.Tnklin  Institute,  in  the  Hall  of  tlie  Young 
Men's  Cliristian  .Association,  Octoljcr  12<\.  1906. 
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factories  have  moved  to  the  cotton  fields.  One  of  the  most 
potent  influences  in  the  creation  of  the  industrial  South  has 
been  the  perfecting  of  methods  of  transmitting  electrical  power 
long  distances,  and  the  generation  of  this  power  from  the 
numerous  rivers.  The  pioneer  work  in  this  line  was  done  at 
Anderson  and  Pelzer,  South  Carolina,  about  1895;  I  believe 
that  it  was  in  these  two  places  that  hydro-electric  plants  were 
first  used  to  drive  cotton  mills.  The  experiment  was  watched 
Avith  deep  interest,  and  the  results  achieved  were  a  stimulus  to 
jgeneral  development  and  application. 

To  arrive  at  a  clearer  understanding  of  the  prominent  features 
of  the  streams  under  discussion,  it  is  first  necessary  to  consider  the 
physiography  of  the  region.  The  Atlantic  seaboard  in  the  Southern 
States  presents  three  types  of  formation.  First,  the  Coastal  plain; 
iurther  inland,  the  Alluvial  belt,  and  still  further  the  Appalach- 
ian range  of  mountains,  and  w'hile  this  chain  extends  from 
Maine  to  Alabama,  and  is  variously  known  as  the  White 
Mountains,  the  Adirondacks,  the  Alleghenies,  and  the  Blue 
Ridge,-  it  is  with  the  Blue  Ridge  that  we  are  concerned  this 
evening. 

To  the  south  of  the  Shenandoah  Valley,  in  V^irginia,  occu- 
pying portions  of  Virginia,  North  Carolina,  South  Carolina, 
<jeorgia,  Tennessee,  and  Kentucky,  lies  a  tableland  more  than 
three  thousand  feet  above  the  sea  level,  seventy  miles  wide, 
and  three  hundred  miles  long,  known  as  the  Southern  Appa- 
lachian plateau.  All  of  the  important  streams  south  of  the 
Ohio  River,  in  the  Mississippi,  Gulf,  and  South  Atlantic  drain- 
age, trace  their  source  to  this  plateau.  The  physical  feature 
that  differentiates  the  Southern  Appalachians  from  the  rest  of 
the  system  is  the  way  the  rivers  rise.  Northern  rivers,  such  as 
the  James  and  Susquehanna,  rise  on  the  most  westerly  ridge 
and  break  through  the  intervening  ranges,  wending  their  way 
to  the  ocean.  The  New  River,  rising  on  the  slopes  of  Grand- 
father Alountain,  in  North  Carolina,  in  the  most  easterly  range, 
and  flowing  into  the  Ohio,  is  the  first  stream  to  violate  this  law, 
and  establishes  a  precedent  followed  by  all  other  Southern 
rivers,  hence  we  find  all  streams  flowing  north,  south,  east  and 
west  rising  on  the  slopes  of  the  Blue  Ridge. 

The  plateau  is  bounded  on  the  east  by  the  Blue  Ridge  and 
on  the  west  l)y  the  Unaka  range.     The  eastern  slopes  of  the 
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Blue  Ridge  are  gradual  and  form  the  Piedmont  section,  noted 
for  its  richness  and  agricultural  value.  The  Unaka  mountains, 
on  the  other  hand,  are  higher,  more  rugged,  and  cut  by  the 
rivers  into  innumerable  gorges.  Lying  between  the  two  ranges 
■are  sundry  irregular  cross  ridges,  called  the  "Blacks,"  "Crag- 
gies,"  "Balsams,"  "Cowees,"  "Xantahalas,"  and  "Smokies." 
Contained  in  these  groups  are  275  peaks  over  five  thousand 
feet  high,  and  thirty-six  exceeding  six  thousand.  Conspicuous 
among  the  last  is'Mount  Mitchell,  the  highest  peak  east  of  the 
Mississippi,  and  the  oldest  land  on  the  American  continent. 
The  mountains  are  clothed  to  their  summits  with  forests  of  the 
finest  hardwoods.  The  flora  is  of  the  richest  and  most  beauti- 
ful, due  no  doubt  to  the  copious  rainfall. 

The  rainfall  over  the  whole  area  averages  fifty  or  more 
inches  per  annum,  and  in  the  vicinity  of  Highlands.  X.  C, 
reaches  the  extreme  figure  of  seventy  inches.  W'ich  the  ex- 
ception of  Puget  Sound,  this  is  the  greatest  precipitation  in  the 
United  States. 

This  tract,  embracing  approximately  10.000  square  miles,  is 
the  natural  reservoir  that  supplies,  replenishes,  conserves,  and 
tends  to  make  uniform  the  flow  of  all  the  ri\ers. 

Uniformity  of  flow  depends  largely  on  the  nature  of  the  soil, 
the  character  and  extent  of  the  country  drained,  the  presence  or 
absence  of  lakes,  and  the  distribution  of  rainfall.  In  the  South 
lakes  and  glacial  deposits  are  entirely  lacking,  hence  the  streams 
de])end  solely  on  the  rainfall.  Fortunately  this  is  greatest  in  sum- 
mer and  lea.st  in  winter,  for  in  summer  the  requirements  of  plant 
life  and  the  increased  exaporatiun  demand  more  water  than  the 
other  seasons. 

The  rivers  emanating  from  this  plateau  in  the  course  of  their 
length  present  three  distinct  types.  First,  in  the  mountains 
thev  descend  rapidlv.  are  confined  in  narrow  channels,  and 
abound  in  falls  and  cascades,  along  which  portion  they  are  sus- 
ceptible of  hydraulic  development  in  innumerable  places;  their 
value  for  power  purposes  is.  however,  curtailed  by  the  limited 
drainage  area.  The  second  stage  is  through  the  l^iedniont 
section,  where  the  streams  contain  their  finest  water  power 
and  are  themselves  of  great  magnitude,  for  miles  descend 
shoal  after  shoal.  This  is  the  portion  usually  designated  as  the 
■"I'^all    Line."     The  final   siaL>e  is  below  the    I'all   Line,  where 
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they  lose  their  dynamic  force  and  become  navigable  bodies  of 
water. 

The  pre-eminent  apex  of  the  drainage  area  in  the  Southern 
Appalachian  Plateau  is  Grandfather  Mountain,  in  North  Caro- 
lina. It  is  the  highest  peak  in  the  Blue  Ridge,  and  to  its 
slopes  four  great  rivers — the  New,  Yadkin.  Catawba,  and 
Holston, — trace  their  source.  The  New  River,  to  which  allu- 
sion was  previously  made,  rises  on  the  northerly  slopes,  crosses 
the  State  of  Virginia,  and  after  its  confluence  with  the  Gauley, 
is  known  in  West  Virginia  as  the  Kanawha.  Its  head  waters 
comprise  the  counties  of  Ashe,  Wautauga,  and  Allegheny  in 
North  Carolina.  Its  valley  in  the  State  of  Virginia  is  famed 
for  its  beauty,  and  although  the  river  possesses  great  fall,  and 
its  characteristics  are  well  known,  yet  it  is  one  of  the  least  de- 
veloped of  the  Southern  streams.  The  proximity  of  the  Vir- 
ginia coal  fields  is  doubtless  accountable  for  this  condition. 

Considering  the  water  courses  in  rotation,  the  next  claiming 
attention  is  the  Roanoke.  This  river  is  formed  by  the  Dan 
and  the  Staunton  at  Clarkesville,  Virginia,  and  while  not 
strictly  speaking  a  Southern  Appalachian  stream,  it  may  be  so 
classed,  for  although  the  Staunton  does  not  drain  the  South- 
ern Appalachian  Mountains,  the  Roanake's  course  lies  wholly 
in  the  territory  so  drained.  Neither  the  Staunton  nor 
the  Dan  have  any  marked  fall.  The  Roanoke  crosses  the  fall 
line  at  Weldon,  North  Carolina,  draining  at  this  point  more 
than  9,000  square  miles,  and  the  fall  in  nine  miles  exceeds 
eighty-five  feet.  If  properly  supplemented  with  steam  75,000 
horse  power  could  be  generated  in  this  locality,  although  its 
value  for  power  purposes  is  limited  to  a  marked  degree  by  the 
violent  floods  and  extreme  fluctuations  to  which  it  is  sub- 
ject. The  flood  flow  is  often  sixty-one  times  the  minimum, 
an  unusual  condition  in  a  stream  with  so  large  a  drainage  area. 
The  Roanoke  Rapids  Power  Company  have  developed  the 
river  to  some  extent,  and  are  furnishing  power  to  a  number  of 
industries  in  the  town  of  Roanoke  Rapids. 

The  Cape  Fear,  the  river  next  in  succession,  claims  the  dis- 
tinction of  being  the  only  large  river,  together  with  its  tributa- 
ries, that  lies  wholly  in  one  State.  Formed  at  Moncure  by  the 
junction  of  the  Deep  and  Haw^  Rivers,  the  Cape  Fear  crosses 
the  State  in  a  southeasterly  course  and  empties  into  the  At- 
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lantic  at  Southj)ort,  a  town  thirty  miles  l)elo\v  Wilmington. 
This  ri\er  gets  its  name  from  the  noted  Cape  Fear,  a  point 
dreaded  by  mariners  almost  as  much  as  Cape  Hatteras.  With 
the  exception  of  the  Sus(|uehanna.  this  stream  is  subject  to 
greater  Hoods  and  lower  stages  than  any  other  stream  on  the 
y\.tlantic  seaboard,  'i'he  river  is  navigable  as  far  up  as  Fay- 
etteville,  and  previous  to  the  general  extension  of  the  railroads 
attempts  were  made  to  increase  this  distance.  .\  few  miles 
above  the  town  the  fall  line  is  encountered,  and  for  thirty  miles 
the  river  descends  a  succession  of  shoals. 

The  river  is  dexeloped  at  a  number  of  points,  the  power  in 
every  instance  being  used  to  drive  mills  in  the  vicinity.  There 
is,  however,  an  hydro-electric  plant  of  some  magnitude  being 
constructed  at  Buckhorn  Falls,  the  history  of  which  is  of  in- 
terest. In  1796.  the  State  granted  a  charter  to  the  Cape  Fear 
Navigation  Company  to  erect  dams.  l)uil(l  locks,  and  render 
the  river  navigable  in  this  locality.  $80,000  or  $100,000  were 
spent  and  practically  nothing  accomplished.  The  work  was 
continued  at  intervals,  and  after  passing  through  countless  vi- 
cissitudes, and  spending  $350,000.  the  project  of  navigation 
al)ove  Fayetteville  was  abandoned  at  the  beginning  of  the 
Civil  War.  in  part  by  natural  causes,  and  in  part  intention- 
ally, the  works  were  destroyed.  In  1S68.  the  State  appro- 
priated the  property  to  the  Raleigh  and  .\ugusta  Railroad 
Company.  .\  little  later  it  was  bought  by  the  Deep  River 
Manufacturing  Company,  an  interest  largely  controlled  by  the 
Lobdell  Car  Wheel  Company  of  Wilmington.  Delaware,  who 
owned  iron  mines  in  the  \icinity  and  were  seekuig  water  trans- 
jxjrtation.  Between  1876  and  1880  boats  were  run  occasion- 
ally, and  since  1880  have  ceased  altogether.  The  difiiculty 
throughout  has  been  in  getting  the  ends  of  the  dams  and  the 
locks  ])rotected  from  freshets.  The  present  owners,  with  the 
intentifju  of  de\'eloi)ing  electric  power  for  transmission  to 
Raleigh  and  Fayetteville.  accjuired  the  property  in  i8(;5.  Law- 
suits contesting  the  riparian  rights,  together  with  other  unfor- 
tunate circumstances,  have  resulted  in  the  comidete  tie-up  of 
the  property. 

The  ^'adkin  and  Catawba,  two  rivers  of  prime  importance, 
are  next  in  order.  .\  peculiar  feature  of  these  streams,  and 
one  comnKMi  to  numerous  others,  is  that  where  thev  leave  a 
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State,  they  change  their  names,  thus  the  Vadkin  and  Catawba 
of  North  Carolina  become  in  South  Carolina  the  Cjreat  Pee 
Dee  and  the  W'ateree. 

The  ^'adkin  rises  on  the  southern  slopes  of  Grandfather 
Mountain,  is  in  all  some  four  hundred  miles  long  and  empties 
into  the  Atlantic  at  Georgetown.  South  Carolina.  The  fall 
line  is  crossed  at  Cheraw,  about  150  miles  from  its  mouth, 
abo\e  which  p(jint  falls  and  shoals  abound,  the  most  prominent 
being  Bluitt's  l-'alls  and  the  Famous  Narrows.  Both  are  being 
developed  at  present,  the  former  by  the  North  Carolina  bank- 
ing house  of  Hugh  McKae  &  Company,  who  expect  to  secure 
about  15.000  horse  power,  and  transmit  to  the  milling  town  of 
Darlington  ;  and  the  Narrows  by  the  Whitney  Reduction  Com- 
pany, a  Pittsburg  corporation.  Probably  the  most  striking 
hydrographic  feature  on  any  Southern  stream  is  the  Yadkin 
Narrows,  the  great  ri\er  draining  more  than  four  thousand 
square  miles  of  territory,  and  which  in  the  vicinity  of  Salisbury, 
North  Carolina,  is  nearly  half  a  mile  wide,  at  a  point  about 
twelve  miles  southeast  of  the  town  contracts  to  a  width  of  one 
hundred  feet,  in  places  even  narrowing  to  sixty  feet,  and  for 
four  miles  roars  and  crashes  in  a  gorge  that  it  has  worn  down 
through  the  solid  granite.  The  development  contemplated 
consists  of  a  dam  some  fifty  feet  high  at  the  head  of  the  rapids 
and  a  canal  several  miles  long.  Forty  thousand  horse  power 
will  be  generated  and  will  bo  transmitted  at  a  potential  of  sixty 
thousand  volts  to  the  adjacent  manufacturing  towns. 

Like  Yadkin,  the  Catawba  rises  on  the  Blue  Ridge,  one 
of  its  principal  tributaries,  the  Linville.  traces  its  source  to  the 
southwestern  slopes  of  Grandfather  Mountain.  The  Catawba 
crosses  the  State  line  twenty  miles  south  of  Charlotte,  below 
Columbia,  together  with  the  Congaree,  it  forms  the  Santee  and 
em])ties  into  the  ocean  in  the  vicinity  of  Georgetown.  The  fall 
line  is  crossed  at  Camden,  above  which  point  an  area  of  five 
thousand  square  miles  is  drained.  From  Camden  to  the  foot 
of  the  mountains  sixteen  notable  shoals  are  encountered.  On 
ten  of  these  developments  are  being  projected  at  the  present 
moment.  The  first  hydro-electric  plant  built  on  this  river  was 
the  Catawba  Power  Company's  10.000  horse  power  plant  at 
Rock  Hill,  South  Carolina.  This  property,  with  others,  has 
been  merged  into  a  corporation  known  as  the  Southern  Power 
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Company.  With  a  paid-u])  capital  of  $10,000,000,  the  Southern 
Power  Company  enj<jys  the  two-fold  distinction  of  being  one  of 
the  largest  i)ower  companies  in  the  country  and  of  being  l)uilt 
with  Southern  capital.  An  ultimate  development  of  ten  plants 
with  an  aggregate  capacity  of  132.000  horse  power  is  jjlanned. 
Of  this  amount  122,000  horse  power  will  be  obtained  from  the 
Catawba  River  alone.  The  fact  that  there  is  a  market  for  so 
great  an  amount  of  ])ower  impresses  an  observer  with  the 
titanic  proportions  (jf  the  Xew  Industrial  South,  and  when  it  is 
realized  that  this  is  but  one  company  and  one  river  the  scope 
of  the  entire  jxjssibilities  is  not  easily  grasped.  The  Piedmont 
section  is  the  manufacturing  district  of  the  Carolinas,  and  it  is 
the  heart  of  this  territorv  that  is  controlled  l)y  the  hydro-elec- 
tric j)lants  of  the  Catawba  and  the  Vadkin.  In  a  radius  of  fifty 
miles  of  Charlotte  a  conservative  estimate  of  the  hydraulic  de- 
velopments contemplated  or  in  process  of  construction  would 
be  a  total  cajjacity  of  not  less  than  250,000  horse  power.  The 
amount  and  price  of  the  power,  the  railroad  facilities,  the  char- 
acter of  the  population,  and  the  salubrity  of  the  climate  are  fast 
making  this  particular  section  the  great  manufacturing  center 
of  the  South,  and  a  district  which  in  time  will  rival  Lowell. 
Holyoke  and  other  Xew  England  centers,  even  as  Birmingham 
is  now  rivaling  Pittsburg  in  the  iron  market. 

The  limited  time  precludes  C()nsideratu.)n  of  all  of  the 
streams,  and  although  the  majority  possess  enormous  unde- 
veloj)ed  power,  and  many  are  de\eloped  to  some  extent,  a  dis- 
cusion  of  the  Broad,  Toxaway,  Saluda,  Saxannah.  and  others 
must  be  omitted,  and  \o\w  attention  next  directed  to  the 
Chattahoochee,  conspicuous  in  this  instance  as  it  is  the  hrst  of 
the  Southern  Ai)palachian  streams  to  reach  the  Ciulf.  Rising 
in  Xorth  (Icorgia.  the  river  for  the  greater  portion  of  its  length 
forms  the  boundarx-  line  between  (ieorgia  and  .\labama.  The 
.Atlanta  W  ater  Power  Company's  Morgan  b'alls  plant,  distant 
some  thirty  miles  frt)m  .\tlanta,  is  at  present  the  largest  de- 
velopment on  the  river,  and  furnishes  the  greater  part  of  the 
power  used  in  the  City  of  .\tlanta.  'I'he  .\orth  Cie(^rgia  Elec- 
tric Company,  at  a  cost  of  ujjwards  of  S7. 300.000,  propose  to 
develop  other  powers  on  this  ri\er  and  also  on  its  tributary,  the 
Chestatee.   and    it    is   credibK'    reported    that    an    innnonse   de- 


fournal  Franklin  Inatitute,  vol.  cl.riv,  Sept.,  igoj 


(  U'addell) 


Fig.  3.    Map  of  Soutlieru  Power  Company's  hydro  eleflric  plaul  aud  transmission  lines. 


fig.  4.    Ailaiita  Watti    P.jwer  Comijauy  s  Morgau    Falli^  plant.  Cliattalioocliee  river,  10,500  Icilowatts 
4s-foot  head.  20.000  volt.  3o-mile  transmission. 
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velopment  is  shortly  to  Ije  made  at  Columbus,  Georgia,  where 
one  large  plant  now  exists. 

Passing  to  the  western  drainage  system,  the  first  prominent 
stream  to  claim  attention  is  the  Little  Tennessee.  Rising  in 
Kabun  Gap,  in  Georgia,  it  crosses  Western  North  Carolina 
and  cuts  its  way  through  the  Smoky  ^Mountains.  A  character- 
istic of  all  Western  rivers  is  the  deep  canyons  they  have  cut 
through  the  Unaka  range.  In  some  past  age  the  hills  have 
been  rent  asunder,  and  the  streams  have  slowly  but  continu- 
ously worn  away  the  stone  cliffs.  At  the  North  Carolina-Ten- 
nessee State  line  the  Little  Tennessee  drains  an  area  of  two 
thousand  square  miles  and  for  a  distance  of  four  miles  in  North 
Carolina  is  a  roaring  torrent  falling  a  total  of  240  feet  The 
river  is  comparable  here  with  the  Narrows  of  the  Yadkin,  and 
inferior  only  on  account  of  the  lesser  drainage  area  and  conse- 
quently the  lesser  amount  of  water.  A  development  to  the  ex- 
tent of  50.000  horse  power  is  ])lanned  in  North  Carolina,  which, 
taken  with  a  ])rojected  development  of  20.000  horse  power  a 
few  miles  across  the  State  line,  makes  the  rix'er  one  of  the  most 
noteworthy  power  streams  in  the  Western  system. 

Second  in  inii)ortance  to  the  Little  Tennessee  is  the  French 
Broad.  This  stream  rises  in  the  Pisgah  Forest,  of  the  Bilt- 
more  Estate,  and  by  reason  of  the  protection  the  forests  afford 
is  freer  from  excessive  Hoods  and  low  minimum  stages  than 
any  other  stream.  From  Brevard  to  .\sheville  the  fall  is  slight. 
A  few  miles  north  of  the  city  the  rapids  begin  and  in  a  distance 
of  forty  nu'les  the  fall  is  se\en  hundred  feet,  while  the  area 
drained  is  about  eighteen  hundred  s(|uare  miles.  Its  value  as  a 
I)()wer  stream  is  curtailed  by  the  proximity  of  the  railroad, 
which  precludes  the  construction  of  high  dams  and  limits  de- 
velopments to  small  units. 

At  this  time  there  are  but  two  h^'dro-electric  |)lants  in  opera- 
tion on  the  western  rixers.  one  of  these  located  at  .\she\ille, 
on  the  French  Broad,  the  other  near  Wavnesville.  on  the 
I*igeon  Ri\er. 

.\  large  h\'dro-electric  plant  is  now  under  construction  at 
Hale's  Bar,  on  the  Tennessee  River,  forty  miles  below  the  City 
of  Chattanooga.  The  Tennessee  River  is  formed  a  few  miles 
from  Knoxville.  Tennessee,  by  the  confiuence  of  the  French 
Brtx'id  and  the  llolston:  at  Chattanooti<i  it  counts  as  its  tribu- 
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Fig.  5.     Weaver  Power  Companys  dam,  Fretu-h  Broad  river. 


Fi^.  li.     Interior  Weaver  Power  Compauy's  plaut.  Freucli  Broad  river. 
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taries  tlie  Holston,  the  \\'aiitaug;a,  the  French  Broad,  the  Big 
and  Little  Pigeon,  the  Little  Tennessee,  the  Hiwassee.  and  a 
number  of  other  smaller  streams,  including  in  fact  the  whole 
western  drainage.  Xormally  the  river  is  navigable  as  far  as 
Knoxville,  althougli  below  Chattanooga  pronounced  shoals 
exist  which  interfere  with  navigation  in  certain  seasons.  The 
United  States  Engineers  after  years  of  study  reported  the  most 
feasible  method  of  improving  the  river  would  be  the  construc- 
tion of  a  dam  at  Hale's  Bar  sufificiently  high  to  back  water  to 
Chattanooga.  Congress  sanctioned  the  plan,  and  granted 
permission  to  individuals  in  Chattanooga  to  cooperate  with  the 
Government  and  to  utilize  the  power  so  obtained  for  com- 
mercial purposes.  It  is  anticipated  that  50.000  horse  power 
will  be  available,  and  the  undertaking  is  a  striking  illustration 
of  the  excellent  results  that  can  be  accomplished  in  improving 
our  water  ways  where  local  interests  and  the  Government  work 
harmoniously. 

This  brief  discussion  would  not  be  com]3lete  with  a  consid- 
eration of  methods  that  will  insure  the  future  usefulness,  and 
policies  that  will  improve  the  streams  of  the  Southern  Ap- 
palachian plateau.  Since  nature  has  denied  lakes  it  will  be 
necessary  to  create  artificial  bodies  of  water.  Lake  Toxaway 
and  Fairfield  are  examples  of  what  may  be  accomplished  at  a 
reasonable  cost,  while  primarily  intended  for  pleasure  resorts 
and  to  enhance  the  beauties  of  the  Sapphire  country  they  have 
incidentally  proved  to  be  most  valuable  in  regulating  the  flow 
of  the  streams  on  which  they  are  located.  In  the  case  of  Lake 
Toxaway  one  inch  of  rainfall  over  its  entire  watershed  will  raise 
the  level  of  the  lake  but  ten  inches,  granting  that  all  of  the  pre- 
cipitation could  immediately  reach  the  lake,  while  with  the  con- 
fined limits  of  the  overflow  weir  thirty  or  more  davs  would  be 
re(|uire<l  to  discharge  this  cpiantity  of  water. 

Xature  was  lavish  in  her  provisions  of  forests,  but  these  are 
nt)w  being  rapidly  demolished,  a  fact  that  should  be  a  matter  of 
national  regret.  That  the  forests  wield  a  potent  influence  on 
the  flow  of  streams  can  be  stated  without  fear  of  contradiction. 
Floods  and  low  water  seasons  have  always  existed,  and  prob- 
ably e\er  will,  but  it  has  been  demonstrated  l>eyond  reasonable 
doubt  that  on  streams  where  the  head  waters  are  protected  by 
]ilant  growth  these  con<liti(»ns  are  reduced  to  a  mininuun. 
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11ie  forests  exert  a  fourfold  influence  on  the  streams ;  by  the 
mechanical  action  of  the  trunks,  limbs,  and  leaves^  they  break 
the  fall  of  the  raindrops ;  the  roots  keep  the  ground  open  and 
porous,  thereby  assisting  percolation ;  the  forest  floor,  consist- 
ing of  the  humus  and  debris,  is  from  its  hygroscopic  nature  a 
most  excellent  filter  and  preventative  agent  to  the  formation  of 
rivulets  and  gullies,  forcing  the  water  to  soak  in  and  seek  sub- 
terranean drainage ;  the  cooler  atmosphere  of  the  forests  appre- 


Fig.  7.     Ruthless  flestriiction  of  timber  in  Western  North  Carolina. 

ciably  retards  evaporation.  This,  however,  is  to  a  large  ex- 
tent offset  by  the  amount  of  water  required  for  transpiration 
when  the  trees  are  in  leaf. 

Since  wood  is  more  widely  used  1)y  man  than  any  one  other 
material  it  would  be  ridiculous  to  assert  that  the  forests  must 
be  protected  to  the  exclusion  of  the  lumbering  industry,  but  it 
is  not  unreasonable  to  demand  that  the  present  crude  and  ex- 
travagant methods  be  superseded  l)y  more  enlightened  prac- 
tices. 

A  greater  menace,  and  more  destructive  than  the  lumber- 
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men  are  the  annual  forest  fires,  which  kill  the  seedlings  and 
undergrowth,  destroy  the  floor,  and  preclude  the  possibility  of 
the  forest  reproducing  itself.  Generally  the  flres  may  be  at- 
tributed to  carelessness,  and  only  in  the  rarest  instances  is  mal- 
ice the  cause. 

The  small  agriculturalist  is  almost  as  serious  a  factor  as 
either  the  lumberman  or  the  fires.  The  mountain  sides  by  rea- 
son of  their  steepness  are  unsuited  to  agriculture,  and  are 
abandoned  after  a  few  crops  as  the  fertile  soil  has  been  washed 
awa}'  and  erosion  ensued. 

It  is  erroneous  to  suppose  that  a  primeval  forest  of  gigantic 
growth  is  essential  to  the  preserxation  of  a  stream.  Any 
growth  that  meets  the  four  recjuirements  prexiouslv  mentioned 
and  excludes  agriculture  is  all  sufiicient.  In  my  opinion  a  low 
copse  growth  is  to  be  preferred.  Ere  long  it  will  be  necessary 
to  rei)lant  many  districts,  and  the  cost  and  most  suital)le  trees 
will  be  the  subject  of  much  discussion.  At  present  aft'oresta- 
tion  is  conducted  on  the  Biltmore  Estate  at  the  small  cost  of 
$15  an  acre.  The  ])Iantings  are  usually  white  pines,  and  a 
growth  of  marketable  timber  is  anticipated  in  about  twenty-five 
years. 

The  measure  to  establish  a  Southern  Ai)palachian  Forest 
Reserve  now  before  Congress  is  most  commendable,  and  is 
probabl}-  the  only  solution  of  the  problem  of  preserving  the 
forests,  and  incidentally  the  streams,  foi  the  National  Government 
rather  than  the  State  can  exercise  a  more  far-reaching  control,  re- 
l)lant  denuded  tracts,  and  organize  a  system  of  fire  protection. 
The  ri\ers  being  interstate  waterways,  their  protectii^n  should 
from  the  nature  of  the  case  be  a  national  matter. 

In  conclusion  it  may  be  stated  that  the  streams  issuing  frt)ni 
the  Southern  Api)alachians  are  capable  of  being  developed  to 
the  extent  of  i  ,000,000  horse  power,  while  200,000  horse  power 
would  be  an  extreme  figure  for  the  amount  now  in  actual  use. 
and  were  it  possible  to  market  the  entire  power  an  animal  in- 
come of  $30,000,000  would  be  derived.  On  the  plateau  there 
falls  each  year  sufficient  rain  to  make  a  lake  four  feet  deep 
over  the  entire  States  of  Rhode  Island.  Delaware,  and  New 
Jersev.  To  conserve  this  rainfall  and  to  develop  the  enormous 
p<nvers  are  the  problems  with  which  the  South  is  now  deeply 
concerned. 


1/6  Notes  and  Comnients.  [J-  F.  I., 

PHOSPHORUS  FROM  WAVELLITE  DEPOSIT  AT  HOLLY 
SPRINGS,  PA. 

Until  recently  phosphorus,  which  is  used  chiefly  in  the  manufacture  of 
matches,  wis  made  solely  from  bones  and  organic  substances.  Only  since 
the  perfection  of  the  electric  furnace  have  natural  phosphates  been  used  to 
any  extent  in  making  phosphorus.  The  extraction  of  phosphorus  from 
mineral  deposits  has  been  investigated  by  the  United  States  Geological  Sur- 
vey, and  the  forthcoming  number  of  the  annual  "Economic  Bulletin"  will 
contain  an  article  by  George  W.  Stose  on  phosphorus  ore  at  Holly 
Springs,  Penna. 

At  the  foot  of  the  nortJiern  slope  of  South  Mountain,  in  the  vicinity  of 
Mount  Holly  Springs,  about  ten  miles  southwest  of  Harrisburg,  a  deposit 
of  wavellite  occurs  in  the  white  clay  associated  with  manganese  and  iron 
ores.  Small  quantities  of  phosphorus  had  previously  been  obtained  from 
phosphorite  and  from  apatite,  but  wavellite,  which  is  aluminum  phosphate, 
has  never  before  been  used  commercially  in  the  manufacture  of  phosphorus, 
as  the  mineral  generally  occurs  in  very  limited  quantities. 

The  American  Phosphorus  Comipany  was  organized  by  Philadelphia 
capital  to  develop  the  deposit  and  a  mill  was  built  nearby.  The  mine  was 
opened  in  1900.  the  first  years  being  devoted  to  prospecting  and  experi- 
menting with  the  reduction  of  the  ore.  During  1905  the  mine  was  in  active 
operation  and  400  tons  of  ore  were  reported  to  have  been  extracted  and  re- 
duced in  the  company's  furnaces. 

The  dififerent  methods  of  manufacturing  phosphorus  are  described.  The 
Readman  process,  patented  in  1889,  is  the  one  that  has  come  into  com- 
mercial use  in  most  countries. 

The  world's  production  of  phosphorus  has  been  variously  estimated  to 
be  from  1000  to  3000  tons  a  year.  The  greater  part  is  made  in  the  Albright 
&  Wilson  factory,  Wednesfield  (Oldbury),  England,  where  the  Readman 
process  originated.  Other  large  factories  are  located  at  Lyons,  France, 
and  at  Griesheim  and  Frankfort,  Germany.  There  is  also  a  plant  in 
.Sweden,  and  there  are  numerous  smaller  ones  in  Russia. 


The  zinc  smelters  of  Holland,  Belgium,  and  the  west  of  Germany  re- 
ceive their  ore  supplies  through  the  ports  of  Hamburg,  Rotterdam  and 
Antwerp,  but  chiefly  through  Antwerp.  These  smelters  have  been  for 
many  years  dependent  upon  foreign  mines  for  nearly  thei^  entire  supply 
of  raw  material.  The  system  of  receiving  these  supplies  has  therefore  be- 
come well  organized  through  long  experience.  This  organization  has 
made  Antwerp  the  favorite  port  of  entry.  There  are  at  that  port  conve- 
nient docks  for  unloading  and  trans-shipping  the  ores;  agencies  for  the 
sampling  of  the  ores  as  received;  brokerage  houses  for  the  consummation 
of  transactions  in  custom  lots;  and  public  assay  offices  for  the  determina- 
tive work  that  may  be  required.  Antwerp  is,  moreover,  conveniently  situ- 
ated with  respect  to  the  principal  smelters  of  Holland,  Belgium  and  the 
Rhine,  has  excellent  raihva}^  connections,  and  also  is  the  terminus  of  an 
extensive  canal  system,  bj-  which  cheap  transportation  to  the  works  can  be 
secured. — Etig.  and  Min.  Jour. 
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A  Resume    of    the    Literature   of    the   N    Rays,    the   N,    Rays, 
the    Physiological    Rays  and   the    Heavy  Emission, 
With    a    Bibliography/'' 


Geokge  Flowers  Stradling,  Ph.D. 


(Concluded  from  vol.  clxiv^  p.  120.) 

Let  us  return  to  the  Comptes  Rendus  of  Jan.  15,  1906.  The 
second  paper  on  the  N  rays  is  by  Gutton.^'"''^^"  Blondlot  had 
found  that  when  N  rays  fall  upon  the  primary  spark  gap  «»f  a 
Hertzian  oscillator  the  secondary  spark  becomes  less  bright.  In 
the  hands  of  Gutton  this  receives  considerable  development.  He 
claims  that  the  diminution  of  brightness  of  the  secondary  sjjark  \s 
very  marked.  Photography  was  used  to  obtain  an  impartial 
registration  of  this  effect.  The  secondary  spark  illuminated  a 
photographic  plate  for  a  minute,  while  the  N  rays  fell  on  the 
primary  spark.  Another  part  of  the  plate  was  acted  on  by  the 
spark  when  the  N  rays  no  longer  reached  the  primary  spark. 
After  development  the  two  images  are  found  to  be  different. 
Precautions  were  taken  to  avoid  any  effect  due  to  changes  in  the 
primary  circuit  or  to  unconscious  bias  in  shifting  the  photo- 
graphic plates.  Every  one  of  thirty-seven  experiments  showed  a 
difference  between  the  two  images. 

To  this  experiment  the  Revue  Scientifique-^^  objects  that 
though  the  shifting  of  the  plates  was  governed  by  a  metronome, 
yet  it  was  executed  by  hand  and  not  mechanically.  The  second- 
ary spark,  less  stable  than  the  i)rimary.  accordingly  evokes  less 
confidence  even  than  the  primary  spark  did  in  Blondlot's  photo- 


*N'uniernls  above  the  line  refer  to  the  numbers  of  papers  in  the  bibliogrjiphy  at  the 
end  of  this  article. 

Vol.  CLXIV.     No.  981  12 


178  Stradling:  U-  F-  I- 

graphic  experiments.  Besides,  though  ah  that  Gutton  claims  be 
granted,  no  argument  for  the  hkeness  of  the  cause  of  the  effect  to 
Hght  waves  can  be  drawn. 

At  the  meeting  of  the  French  Physical  Society  on  March  2, 
1906,  Cotton  and  Raveau^"'-  spoke  upon  Gutton's  experiment. 
They  went  to  Nancy  to  see  the  experiment  and  spent  almost  all 
of  Feb.  24,  1906,  in  going  over  the  experiment,  using  both  the 
arrangement  already  published  and  also  another  not  yet  made 
public.  At  first  they  seemed  to  notice  an  effect  of  the  X  rays  upon 
the  secondary  spark.  When,  however,  they  found  that  the  re- 
moval of  the  source  of  N  rays,  a  Nernst  lamp,  made  no  differ- 
ence in  the  appearance  of  the  spark,  they  were  driven  to  hold  that 
it  must  be  the  opaque  screen,  moved  now  into,  now  out  of  the 
supposed  ]3ath  of  the  N  rays,  which  caused  the  effect.  Cotton 
asked  for  a  simple  modification  of  the  screen  and  was  much  sur- 
prised when  both  Gutton  and  Virtz  opposed  the  change.  When 
for  the  visiting  physicists  the  experiments  were  performed  in 
only  partial  darkness,  in  order  to  make  sure  that  no  wires  be- 
longing to  the  none  too  stable  collection  of  apparatus  moved  when 
•  the  screen  was  shifted,  the  results  obtained  were  not  so  good  as 
before.  They  further  asked  Gutton  to  let  them  have  the  photo- 
graphic plates  developed  by  some  one  who  did  not  know  what  t6 
expect.  This  Gutton  did  not  grant.  It  is  no  wonder  that  the 
visitors  took  away  with  them  no  great  reliance  upon  the  decisive- 
ness of  the  experiment. 

Early  in  3ilarch  Swinton^'^'^  made  public  his  lack  of  success  in 
repeating  Gutton's  experiment.  He  inserted  a  Duddell  thermo- 
galvanometer  in  the  secondary  circuit  but  found  no  variation  of 
energy  to  follow  the  application  of  the  N  rays  to  the  primary 
spark. 

Relying  upon  the  promise  of  Blondlot  and  Gutton  to  demon- 
strate to  him  objectively  the  existence  of  the  N  rays,  Guin- 
chant,^^''  like  Cotton  and  Raveau,  visited  Nancy.  In  only  three 
or  four  instances  out  of  several  hundreds  did  he  observe  a  change 
of  the  secondary  spark  in  Gutton's  experiment  with  a  change  in 
die  position  of  the  intercepting  screen.  As  he  himself  appeared 
unable  to  see  the  difference  in  the  spark,  he  suggested  that  Gutton 
observe  while  he  manipulated  the  opaque  screen.  Gutton  de- 
clined saying  that  under  the  suggested  conditions  the  eye  of  the 
observer  would  note  no  chansfe. 
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Gutton  saw  chang'es  in  the  spark  at  times  when  Guinchant  saw 
no  change.     J'he  latter  says  the  spark  varied  psriodically. 

The  possibihty  of  a  heavy  emission  from  metals  has  been  in- 
vestigated by  Gebhardt.^^^  He  placed  a  photographic  plate 
above  and  one  below  a  sheet  of  metal,  all  being  in  horizontal 
planes.     The  lower  plate  was  more  affected. 

Let  us  now  turn  our  attention  to  the  various  explanations 
which  have  been  given  for  the  rise  and  development  of  this  series 
of  rays,  in  whose  existence  scarcely  any  one  outside  of  France  at 
the  present  time  believes.  To  any  person  who  is  inclined  to  feel 
a  sense  of  superiority  because  the  delusion  was  not  cherished  by 
any  distinguished  physicist  of  the  English  speaking  world,  a 
l)erusal  of  the  series  of  papers  on  Hot  Ice  in  Nature,  vols.  22,  23, 
24,  is  regpimended  as  a  corrective. 

The  discovery  of  the  N  rays  was  announced  at  the  psychologi- 
cal moment  for  obtaining  belief  in  them.  The  kathode  rays,  the 
canal  rays,  the  X  rays,  the  a^  the  ,i,  the  ;'  rays  had  accustomed 
the  scientific  mind  to  hospitality  towards  new  rays  of  astonishing 
properties.  Moreover  Prof.  Blondlot,  the  sponsor  for  the  X  rays, 
was  not  a  man  of  unknow^n  repute,  but  a  physicist  fifty-four  years 
of  age,  whose  name  was  attached  to  nearly  two  score  of  papers 
in  the  Comptes  Rendus,  who  was  elected  correspondent  of  the 
.'\cademy  of  Sciences  to  fill  the  vacancy  caused  by  the  death  of 
Hehnholtz,  and  to  whom  was  awarded  the  Gaston  Plante  prize 
in  1893  ^^''  •'•'•'^  studies  in  the  propagation  of  electricity  and  again 
in  1899  the  La  Gaze  prize  in  physics.  The  estimation  in  which 
his  ability  was  held  by  his  fellow*  scientists  of  France  is  indicated 
by  his  association  with  the  men  named  below  to  form  the  group 
of  Correspondents  in  general  Physics  of  the  Academy  of  Sciences 
at  the  beginning  of  1905. — Crova.  Rayleigh,  Bichat,  Hittorf, 
van  der  W'aals.  Michelson,  Gouy,  Benoit.  H.  A.  Lorentz. 

Pellat  and  Girardet  explicitly  say  that  they  accept  the 
N  rays  because  of  Blondlot.  The  Revue  Scientifique-'"'  says: 
"At  the  very  first,  when  M.  Blondlot  announced  his  re- 
sounding discoveries,  the  universal  reputation  of  this  eminent 
physicist  iierniitted  lU)  mind  to  fail  to  accept  as  facts  definitely 
won  for  science  the  i)ul)lished  results  »^f  his  remarkable  initial  ex- 
periments."' To  this  result  the  admirable  style  of  the  papers  no 
doubt  contributed. 
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The  suggested  explanations  of  the  N-ray  phenomena  fall  into 
four  classes : 

A.  Deceit. 

B.  Physical  Factors. 

C.  Physiological  Factors. 

D.  Psychological  Factors. 


A.     Deceit. 

Of  course  no  imputation  of  this  character  attaches  to  any  of 
the  scientific  workers  in  the  field  of  the  Blondlot  rays.  It  has, 
however,  been  suggested  that  Prof.  Blondlot  is  himself  the  victim 
of  the  machinations  of  some  one.  "A  solution  is  urgent  and  that 
for  the  good  renown  of  the  University  of  Nancy  itself."^*"* 


B.     Physical  Factors. 

I.  Heat  Radiation. — It  may  be  that  temperature  changes  play 
some  part  in  the  photographic  methods  of  registering  the  effects 
of  the  N  rays.^i-* 

Blondlot-'^  as  early  as  May,  1903,  noted  that  the  effect  of  his 
new  rays  on  the  phosphorescent  screen  is  like  that  of  heat  and  in 
his  next  paper'^"'  he  guarded  against  the  radiant  heat  of  the  sun 
falling  upon  his  screen.  In  the  paper'^^  which  followed  this  he 
establishes  that  the  N  rays  cause  no  rise  in  temperature  in  bodies 
on  which  they  fall.  Later"*^  he  institutes  a  comparison  between 
the  effects  of  heat  and  of  N  rays  on  the  phosphorescent  screen. 
It  was  found  that,  while  the  N  rays  increase  the  quantity  of  light 
emitted  normally  to  the  surface  and  lessen  the  quantity  emitted 
tangentially,  heat  on  the  other  hand  causes  an  increase  in  all  di- 
rections. Further  the  contour  of  a  key  held  in  front  of  a  phos- 
phorescent screen  is  made  sharper  by  letting  N  rays  fall  on  the 
screen  than  by  raising  the  temperature  of  the  screen.  This  is 
true  only  when  the  line  of  sight  is  about  normal  to  the  screen. 
The  re\'erse  holds  when  the  eye  views  the  key  o1)liquely. 

Ballet^  and  Lambert^ ^^  were  at  pains  to  avoid  the  effect  of 
heat.  Charpentier^^  maintains  that  the  action  of  his  physiological 
'■^ys  is  not  to  be  confounded  witli  that  of  heat.     The  interposi- 
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tion  of  a  sheet  of  aluminium  or  of  a  layer  of  water  does  not  de- 
stroy the  effects  of  the  rays.  A  frog  emits  the  rays  even  though 
below  the  temperature  of  the  laboratory.  D'ArsonvaF^'^  tells 
that  to  avoid  calorific  effects  experiments  were  performed  in  a 
room  warmer  than  the  human  body,  and  that  the  usual  results 
were  ol)taincd.  Hooker* ^-"^  describes  an  experiment  in  which  the 
physiological  rays  passed  through  the  arm  of  a  corpse  and  then 
acted  on  a  screen. 

After  fruitless  attempts  to  repeat  Blondlot's  and  Charpentier's 
ftxperiments  had  been  made,  recourse  was  had  to  heat  eft'ects  for 
an  explanation.  Brown*^"  states  that  he  independently  discov- 
ered zinc  sulphide  to  grow  brighter  when  brought  near  the  human 
body,  but  that  he  later  found  the  cause  to  be  heat.  Swin- 
j^jj,^  187,188, ISO  ^ftej-  failing  in  his  first  experiments  afterwards 
found  it  easy  to  get  results,  but  held  heabto  be  the  agent.  A 
screen  laid  on  the  foot  grew  l)righter,  but  a  still  warm  boot  was 
as  effective.  The  imperviousness  of  water  to  the  N  rays  is  due, 
he  supposes,  to  its  adiathermancy. 

Schenck,'"^*  McKendrick  and  Colquhoun,*^^  Rothe*^"  and 
I'ieron''''  all  agree  that  heat  is  important.  Dufour*^^  found  tem- 
perature to  modify  the  luminosity  of  the  blue  Ca  S  screen  as  well 
as  that  of  the  yellow  Zn  S  screen.  Bringing  a  finger  near  the 
screen  makes  it  brighter.  The  bulbs  of  two  identical  thermom- 
eters were  coated  witli  Ca  S.  Both  were  exposed  to  light  and 
then  ])ut  in  a  dark  room.  When  the  temperature  of  one  was 
rai.scd  from  12'  to  28^  it  appeared  more  luminous.  This  faded 
as  the  thermometer  cooled,  so  that  at  20°  it  was  only  as  bright  as 
the  other  at  12^.  and  at  16°  it  was  less  bright.  Hackett*^^  found 
hf)t  water  (60^  )  to  increase  the  brightness  of  the  screen  5^. 

The  Revue  Scientifique-""  makes  the  charge  that  the  investiga- 
tors of  the  new  rays  had  not  taken  sufficient  pains  to  guard 
against  heat  effects.     This  is  certainly  true  in  many  instances. 

2.  Decay  of  Phosphorescence. — The  emission  of  light  from  a 
])hosphore.scent  body  lessens  as  time  passes.  Schenck'^"*  suggests 
this  as  a  factor  in  the  results  observed.  This  could  have  been 
subjected  to  control  by  comparing  two  identical  screens,  only  one 
of  which  was  acted  on  by  the  N  rays.-"" 

3.  Change  in  the  Distance  of  the  Screen  from  the  Observer. — 
Lullin*'"'^"*  directs  attention  to  the  change  in  the  appearance  of 
the  screen  as  (lei)ending  on  its  distance  from  the  eye. 
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C.     Physiological  Factors. 

1.  Tiring -of  the  Eye. — This  was  suggested  as  an  element  in 
the  problem  by  the  Revne  Scientiiique.''"' 

Pozdena^"'^  says  that  when  the  eye  is  tired  the  Ca  S  screen 
seems  to  approach  and  to  recede  and  to  be  surrounded  by  a  feebly 
luminous  vapor. 

La  Roux^"''  found  that,  if  you  look  at  the  phosphorescent 
screen  with  one  eye  only,  it  grows  darker.  A  time  comes  when 
obscure  clouds  psss  over  its  surface.  Some  people  see  oscilla- 
tions of  brightness.  The  original  appearance  can  be  regained  by 
exposing  the  eye  to  white  light  or  by  coughing  or  otherwise  mak- 
ing a  noise.  This  explains  why  Ballet''  avoided  speaking  during 
an  experiment.  Blondlot""^^  however  regards  the  tiring  of  the 
eye  as  an  obstacle  to  successful  experimenting. 

Hackett^^^  remarks  that  resting  that  part  of  the  retina  receiv- 
ing the  image  by  closing  the  eyes  or  otherwise  will  cause  an  ap- 
parent increase  of  brightness. 

2.  Change  of  the  Position  of  the  Image  on  the  Retina. — 
Hackett^'^  says:  "To  an  inexperienced  persons  a  phosphorescent 
screen  appears  to  be  going  through  a  series  of  bewildering  varia- 
tions. The  greater  part  of  these,  if  not  all,  are  due  to  motions 
of  the  eye."  When  the  image  is  transferred  to  an  unwearied  part 
of  the  retina  the  object  looks  brighter.  He  of  course  endeavored 
to  train  the  eye'to  avoid  this  source  of  error. 

In  December,  1903,  Lummer^'^-  directed  attention  to  von 
Kries's  theory  of  the  function  of  the  retinal  rods  and  cones.  In 
the  foz'ca  centralis,  on  wdiich  the  image  of  an  object  falls  when 
we  look  directly  at  it,  only  cones  are  found,  wdiile  the  rest  of  the 
retina  has  both  cones  and  rods,  the  latter  preponderating  in  the 
peripheral  areas.  The  cones  have  to  do  with  the  sensation  of 
color,  W'hile  the  rods  are  color-blind.  They  come  into  play  in 
faint  illuminations,  furnishing  a  sensation  of  colorless  light. 
Moreover  their  sensitiveness  is  more  augmented  in  the  dark  than 
that  of  the  cones.     The  owd  has  only  rods  in  its  eyes. 

In  direct  vision  only  cones  are  concerned  wdiile  rods  also  are 
affected  in  oblique  vision. 

When  the  temperature  of  a  body  is  gradually  raised  there  are 
two  sharp  changes. 
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(/.  l-'roni  darkness  to  gray-glow,  when  the  radiation  is  first 
sufficient  tu  affect  the  rods. 

b.  From  gray-glow  to  red-glow,  when  the  radiation  is  first 
able  to  affect  the  cones. 

If  a  platinum  wire  at  400^  C.  is  looked  at  directly  it  cannot  be 
seen,  because  its  radiation  is  not  sufficient  to  affect  the  cones  of 
the  fovea  centralis.  But  if  the  eye  is  turne<l  so  that  the  image  of 
the  wire  falls  outside  the  fuz'ea  centralis,  it  becomes  visible,  since 
less  energy  is  needed  to  excite  the  rods  than  the  cones.  Accord- 
ing to  Gotch'^^  this  effect  can  be  seen  in  the  spinthariscope. 

E\en  when  a  body  can  be  seen  both  by  direct  and  by  indirect 
vision  its  appearance  is  not  the  same  in  the  two  cases.  It  will 
appear  brighter  by  indirect  vision.  The  reader  can  verify  this  in 
the  following  manner :  Fix  the  eyes  on  a  very  faint  star,  then 
turn  the  axis  of  the  eyes  slightly  aside.  The  star  will  now  ap- 
pear brighter.  Arago  said :  "To  see  the  really  difficult  stars  it 
is  not  necessary  to  regard  them."  Le  Roux^-'^  says  he  failed  to 
see  the  phosphorescent  screen  when  he  turned  his  eyes  toward  it, 
hut  did  see  it  when  he  looked  in  a  dift'erent  direction.  Lullin''"'-^"* 
made  careful  observations  leading  to  the  same  result.  Fie  at- 
tributes the  change,  not  to  the  dift'erence  between  the  rods  and 
cones,  but  to  the  varying  sensitiveness  of  the  different  parts  of  the 
retina.  Chauveau'^^  tells  that  one  morning  in  a  dark  room  he 
noticed  a  piece  of  paper.  When  he  turned  his  eyes  full  upon  it 
he  could  not  see  it.  As  the  light  grew  stronger  this  phenomenon 
ceased.  An  observation  made  by  Pozdena'^'*  is  gern^ane  to  the 
matter.  When  a  Ca  S  screen  is  moving  in  a  dark  room  with 
uniform  speed  in  a  straight  line  the  eyes  of  the  observer  will  fol- 
low its  motion  and  he  will  see  it  by  direct  vision.  If,  however, 
the  speed  of  the  screen  on  the  direction  of  its  motion  is  changed, 
the  eye  does  not  at  once  follow  the  change  and  thus  the  image 
of  the  screen  is  no  longer  on  the  fovea  centralis  as  it  was  in  direct 
vision  but  is  to  one  side  of  that  spot.  Hence  an  increase  of 
brightness  results,  since  the  rods  are  more  sensitive. 

Many  e.\periments  made  with  the  N  rays  present  just  such  con- 
ditions as  are  needed  to  call  forth  the  changes  of  appearance  de- 
scribed abo\e.  Small  feebly  lumitKous  surfaces  are  viewed  in 
darkness.  Involuntary  motions  of  the  eyes  are  frequent.  Sup- 
pose that  tlie  dim  surface  ot  a  phosphorescent  screen  is  looked,  at 
and  that  the  observer  in  the  belief  that  a  beam  of  X  ravs  has  been 
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falling  upon  the  screen,  now  shifts  a  sheet  of  kad  so  as  to  cut 
off  the  beam.  He  expects  an  effect  and  to  see  it  will  look  at  the 
luminous  surface  more  intently.  This  will  bring  the  image  upon 
the  fovea  ccntrolis  with  its  less  sensitive  cones.  The  image  will 
thus  appear  less  bright,  and  not  only  this,  but  it  will  appear  red- 
dish, since  the  image  is  transferred  from  the  color-blind  rods  to 
the  color  sensitive  cones.  Platinum  at  700°  C.  is  red  when  viewed 
directly.  Ijut  by  indirect  vision  it  is  a  peculiar  colorless  white,  and 
is  also  brighter.  If  the  observer  removes  the  lead  an  unconscious 
shifting  of  the  eyes  will  correspondnigly  change  the  position  of 
the  image,  and  he  sees  the  screen  as  whiter  as  well  as  brighter 
than  before. 

In  speaking  of  the  change  in  the  appearance  of  an  miage  seen 
after  reflection  from  a  knitting  needle  when  the  X  raws  fall  upon 
the  latter,  Blondlot^^  says:  "It  was  then  easy  to  establish  that 
the  action  of  these  rays  re-enforces  the  image,  for,  if  they  had 
just  been  intercepted,  this  image  darkened  and  became  reddish." 
Also  in  his  examination  of  the  action  of  a  beam  of  polarized  light 
on  a  small  electric  spark,  he  says  (Paris,  C.-R.  Acad.  Sci.,  136, 
p.  487,  Feb.  23,  '03,)  :  "It  is  instantly  seen  to  weaken  and  to 
become  reddish."  A\nien  a  large  screen  is  used  the  whole  of  its 
image  cannot  fall  on  the  fovea  centralis  and  a  change  of  appear- 
ance by  shifting  the  eye  will  not  be  evident.  It  is  significant  that 
when  Blondlot^^  used  a  relatively  large  screen,  5x12  cm.,  he  failed 
to  find  its  appearance  changed  by  the  N  rays. 

Lummer  and  Rubens  ^^^  found  that  merely  changing  from  di- 
rect to  indirect  vision  made  the  brightness  of  the  object  viewed 
four  times  as  great,  while  a  change  of  only  one-third  in  the  in- 
tensity of  a  faint  illumination  is  needed  to  be  observed  by  a  v^ell 
adapted  eye. 

Throughout  the  literature  of  these  rays  there  is  frequent  refer- 
ence to  the  sluggishness  with  which  the  effects  follow  the  begin- 
ning of  the  action  of  the  i-ays.^^^-so.-'^i. 32,33,34,30 

Blondlot^^  attributes  this  to  storage  effects.  Broca^'^  finds  it 
to  be  lessened  b)'  the  use  of  thin  layers  of  Ca  S  in  making  the 
screen.  On  the  other  hand,  Lummer^'-  suggests  that  it  may  be 
explained  by  the  time  required  to  fix  the  eye. 

Both  Salvioni^^-"  and  NageP"^  are  of  the  opinion  that  the  posi- 
tion of  the  eye  with  respect  to  the  object  makes  a  difference  in  its 
appearance. 
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3.  Change  of  Accommodation. — Blondlot^^  holds  that  accom- 
modation must  be  avoided  in  order  to  see  the  effects  of  the  N 
rays.  H.  Poincare-'"  attributes  his  own  failure  to  see  the  effects 
he  sought  to  involuntary  accommodation.  Ballet^  strove  to 
avoid  change  of  accommodation.  Tiie  Revue  Scientifique^^* 
claims  that  when  the  accommodation  is  relaxed  the  pupil  grows 
larger,  thus  allowmg  more  light  to  enter  the  eye,  with  result  of 
a  brighter  image.  ]\Ioreo\'er  the  effort  not  to  accommodate  will 
itself  produce  changes  in  the  appearance  of  the  phosphorescent 
screen.  • 

Pointing  in  the  opposite  direction  is  the  observation  of  Mc- 
Kendrick  and  Colquhoun^'"  that  the  light  of  the  screen  became 
steady  after  accommodation  had  been  relaxed. 

4.-  Opening  the  Eyes  to  Varying  Extents. — Ballet^  warns 
ag"ainst  opening  the  eyes  wider  as  this  will  allow  more  light  to 
reach  the  retina. 

5.  Periodic  Changes  in  the  Curxature  of  the  Lens  of  the  Eye. 
— Heinrich  and  Chwistek^"*'  find  that  such  changes  cause  a  dark 
point  on  a  white  surface  to  appear  and  disappear  at  intervals. 

D.       PSYCHOLOGIC.VL  F.ACTGRS. 

"The  names  of  the  physicists  who  have  been  the  victims  of 
such  surprising  illusions  will  remain  imperishable,  for  works  on 
psychology  will  repeat  them  from  age  to  age." — Le  Bon.^^^ 

1.  Reaction  of  the  State  of  Expectancy  on  the  Muscles  of  the 
Eye. — McKendrick  and  Colquhoun^^^  ask:  "Can  it  be  that  the 
mental  condition  of  some  observers  in  a  state  of  expectancy  re- 
pets  on  the  intrinsic  muscles  of  their  e>'es,  and  that  they  see  what 
they  think  they  should  see?" 

2.  The  Calling  Up  of  One  Sensation  by  the  Presence  of  An- 
Oilier  Which  Usually  Accompanies  the  First. — According  to 
Rosenbach.'^'^  if,  in  a  totally  dark  room  the  hand  be  moved  in 
front  of  the  well  rested  eye,  either  open  or  closed,  the  field  of 
\  ision  darkens  and  perhaps  even  the  fingers  appear  to  be  visible. 
With  a  single  finger  before  the  eye  its  position,  whether  vertical 
or  horizontal,  can  be  seen.  If  a  sheet  of  paper  be  held  before  the 
eyes  the  hand  and  fingers  can  no  longer  be  seen.  The  muscular 
sensations  produced  by  moving  the  hand  call  forth  the  ^cconipany- 
m<z  visual  imasfc. 
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Testiniony  t(j  the  same  effect  is  borne  by  Gehrcke.'''''  He 
noted  a  change  in  the  appeai'cince  of  a  phosphorescent  screen  when 
he  nio\e(l  a  file  behind  it.  I'he  file  at  rest  had  no  effect.  The 
finger  or  a  pencil  acted  as  well  as  the  file.  Removing  the  screen 
did  not  keep  the  effect  from  appearing.  The  experiment  succeed- 
ed best  when  the  sound  of  the  object  scraping  along  the  screen 
could  be  heard.  When  some  other  person  moved  the  file  nothing 
was  seen. 

Much  emphasis  is  laid  by  Blondlot  and  others  upon  the  neces- 
sity of  the  observer*  manipulating  his  apparatus  himself.  It 
therefore  seems  very  likely  that  when  the  observer  moved  an 
opacpie  screen  into  the  path  of  the  N  rays  his  muscular  sensations 
may  ha\'e  evoked  optical  ones  which  seemed  objective  to  him. 

3.   Suggestion  and  Expectancy. 

"Of  all  the  myriad  moods  of  mind 

That  through  the  soul  come  thronging. 
Which  one  was  e'er  so  dear,  so  kind. 
So  beautiful  as  Longing?" 

— Lozvcll. 

-A  perusal  of  the  literature  of  the  N  rays  leads  to  the  thought 
that  the  investigators  often  had  the  satisfaction  of  finding  what 
they  expected  to  find.  Blondlot-^  found  silver  covered  with  soot 
to  be  a  better  radiator  of  N  rays  than  when  bright,  and  quart;! 
to  rotate  the  plane  of  polarization.  Bagard^  discovered  the  rota- 
tion of  the  plane  of  polarization  of  the  N  rays  by  tartaric  acid  to- 
be  in  the  direction  indicated  by  theory.  The  law  of  Stokes  for 
fluorescence  is  followed  by  the  secondary  radiation  emitted  by  a^ 
body  which  has  stored  the  N  rays,  according  to  Bichat.^^  The 
fact  that  a  target  can  in  general  be  reached  by  a  projectile  for 
two  different  elevations  of  a  gun  found  its  analog  in  the  case  of 
the  heavy  emission  falling  on  the  phosphorescent  screen.'*"  When 
Blondlot'^^  found  that  N  rays  falling  on  the  eye  produced' 
an  effect  upon  the  appearance  of  objects,  he  was  astonished  be- 
cause, since  water  is  opaque  to  the  rays,  he  supposed  the  humors 
of  the  eye  would  absorb  the  rays  before  they  reached  the  retina. 
Forthwith  the  difficulty  is  solved  by  finding  that  salt  water  is 
transparent  to  the  rays. 

Weiss"^*^  of  Paris  notes  that  Charpentier's  determination  of 
the  wave-lengths  of  nervous  impulses  by  use  of  his  physiological 
rays  gives  about  the  same  result  as  those  obtained  by  the  same 
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experimenter  by  another  but  faulty  method.  It  seems  not  im- 
possible that  the  results  of  the  two  methods  were  unwittingly 
made  to  agree. 

It  w(ju1(1,  however,  be  totally  unfair  to  give  the  impression  that 
suggestion  and  expectancy  as  sources  of  error  were  overlooked 
by  the  workers  with  X  ra\s.  or  that  they  always  found  what  they 
looked  for. 

Blondlot'^""''"*  was  astonished  to  tind  the  appearance  of  a  clock- 
face  to  change  when  N  rays  fell  on  the  eye,  and  again  to  note  that 
the  phosphorescent  screen  continued  to  be  affected  by  the  X  rays 
from  a  Welsbach  light  after  it  was  extinguished.  Bichat^'^  found 
lead  to  be  transparent  t(j  the  ra\s,  whereas  his  colleague.  Blond- 
lot,  had  found  it  opaque.  J.  Meyer-'-  found  many  experimental 
results  to  run  counter  to  his  expectations.  The  path  of  the 
heavy  emission  i)roved  not  to  be  parabolic,  as  is  approximately 
the  case  with  projectiles.  Suri)rise  is  manifested  by  Charpentier 
and  Meyer'"'"'""  at  certain  phenomena  they  observed  in  inhibition, 
and  by  Mace  de  Lepinay  in  connection  with  his  observations  on 
sonorous  vibrations. 

Ballet,"*  Meyer,'-"  Lambert  "**  and  Le  Roux'-"  tried  to  avoid 
the  influence  of  expectancy  upon  their  results. 

In  spite  of  this  attitude  of  caution  on  the  part  of  some  of  the 
investigat(?rs  it  is  surprising  how  much  stress  is  laid  upon  the 
necessity  of  the  same  persons  both  oljserving  the  effects  and  alsa 
setting  in  action  the  causes. 

Bi^oca"'  confesses:  "I  am  deceived  regularly  when  I  do  not 
operate  the  tube  (containing  Ca  S)  myself." 

Ui)on  Guinchant's '•'■•'  re(|uesting  Gutton  to  observe  the  spark 
while  he  took  charge  of  intercepting  the  beam  of  N  rays,  the  lat- 
ter declined,  saying  that  the  method  proposed  would  give  no  re- 
sult as  the  eye  does  not  perceive  the  variations  of  brightness  when 
the  mind  is  preoccupied  with  searching  out  the  nature  of  the 
phenomena  perceived. 

Hackctt's  frankness  is  refreshing."'  "It  is  a  great  obstacle  in 
experiments  in  X  rays  that  one  does  not  know  what  change  to 
expect."  Wood"'-  was  warned  by  Blondlot  that  a  person 
observing  a  phosphorescent  screen  could  not  necessarily  tell  when 
another  threw  the  X  rays  on  the  screen.  This  was  explained  by 
the  analogy  of  an  observer  watching  a  sensitive  galvanometer. 
The  image  mav  be  shifting-,  but.  if  the  observer  has  the  kev  for 
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closing  tlie  circuit  in  iiis  own  control,  he  can  select  a  moment 
when  the  image  is  steady,  close  the  key  and  thus  find  whether  a 
current  flows. 

Some  X  ray  workers  adduce  evidence  in  which  the  observer 
and  the  manipulator  are  distinct  persons.  Bichat'-'  by  using  the 
N  rays  could  tell  the  difference  between  a  board  painted  with 
white  lead  and  one  covered  with  zinc  white.  Lambert-'^^  saw 
three  persons  pick  out  from  six  similar  test  tubes  the  one  which 
emitted  X  rays.  He  himself  se\eral  times  detected  the  approach 
to  the  screen  of  an  X^  ray  source  by  his  aid.  jMiller^^''''^'^'*  and 
Mace  de  Lepinay^-^'^-^  make  similar  claims.  On  the  other  side 
let  it  be  remembered  that  when  Wood  substituted  a  piece  of  wood 
for  a  file  or  removed  the  refracting  prism  entirely  the  trained  ob- 
ser\'er  saw  no  change  in  the  X'  ray  phenomena. 

Salvioni'^'^  believes  suggestion  to  be  most  important.  When 
he  tried  interposing  screens  of  whose  nature,  whether  opaque  or 
transparent,  he  was  ignorant,  he  found  his  results  in  the  refrac- 
tion of  the  X^  rays  to  lose  their  regularity.  When  Turpain^^^' 
knew  what  to  expect  his  results  were  like  those  of  other  investi- 
gators. He  found  the  X' ray  effect  in  819^  of  his  trials.  When, 
however,  he  had  to  rely  upon  his  powers  of  observation,  unaided 
by  sugg'estion  or  expectation,  the  percentage  fell  to  about  50. 

In  the  development  of  the  photographic  plates  used  in  connec- 
tion with  the  spark  experiments  there  is  also  room  for  uncon- 
scious prejudice  in  favor  of  one  image.  Perhaps  Gutton's  re- 
fusaP^^  to  have  the  plates  developed  by  an  impartial  person  points 
in  this  direction. 

There  was  certainly  no  such  conscientious  and  painstaking 
effort  made  by  any  one  who  belicA-ed  in  the  X"^  rays  to  avoid  the 
effects  of  suggestion  and  of  bias  as  was  made  by  Pozdena^^^  in 
his  investigation  of  the  heavy  emission.  He  found  no  trace  of 
evidence  for  its  existence. 

Burke's  reference^^^  to  "an  enthusiastic  atmosphere  which  his 
(Blondlot's)  experiments,  his  personality  and  strong  convictions 
have  created  all  around  him/'  no  doubt  indicate  the  explanation 
of  a  large  part  of  the  X^  ray  phenomena. 

4.  Plypnotic  Sleep. — Sustained  gaze  at  a  small  blight  object  is 
a  means  of  inducing  this  state. — Burke.  ^^' 

5.  Unconscious  Imitation  of  Previous  Acts. — Pozdena^'^ 
found  that  if  he  had  already  seen  a  phosphorescent  screen  bright 
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in  a  certain  position  he  was  more  likely  to  see  it  bright  in  the  same 
position  again  than  elsewhere. 

In  Turpain's  review ''-'"  of  Mascart's  experiment  he  suggests 
that  unconsciously  giving  the  same  nimiber  of  equal  impulses  to 
a  screw  may  account  for  th.e  agreement  between  readings  made 
by  the  same  observer. 

It  would  not  seem  difficult  to  devise  a  test  by  which  the  ex- 
istence or  non-existence  of  the  N  rays  could  be  demonstrated. 
Debierne^"*  suggested  that  a  number  of  similar  boxes  be  taken. 
In  some  of  them  let  sources  of  N  rays  be  placed.  Let  Blondlot 
in  the  presence  of  other  physicists  note  the  boxes  from  which  the 
rays  come.  In  pursuance  of  this  suggestion  the  Revue  Scien- 
tifique'-^^"  in  February,  1905,  asked  both  Blondlot  and  Charpen- 
tier  to  assist  in  such  a  test.  Both  declined,  the  former  saying: 
"The  phenomena  are  much  too  delicate  for  that." 

Wood^''^  has  suggested  that  Blondlot  meet  wMth  Lummer  and 
Rubens  and  that  they  together  thresh  (Jut  their  disagreement  as 
Pender  and  Cremieu  did.  This  would  certainly  settle  whether 
there  is  any  effect  produced  upon  tlie  electric  spark,  which  Blond- 
lot maintains  but  which  no  one  outside  of  France  can  find. 

It  is  indeed  unfortunate  that  "This  affair  of  the  X  rays  has 
raised  in  the  French  scientific  world  real  passion."--^  After  the 
death  of  Bichat  his  god-son  Gutton,  who  had  published  papers 
on  the  N  rays,  was  a  candidate  for  the  vacant  professorship  in 
physics  in  the  University  of  Nancy.  Turpain.  whose  results 
were  adverse  to  the  existence  of  the  X  rays,  was  also  suggested 
for  the  position.  The  Revue  Scientifique  exerted  its  influence 
for  the  latter,  but  Gutton  was  named  for  the  position. --^---^ 

It  is  interesting  to  observe  no  hint  of  doubt  in  the  existence  of 
the  X  rays  in  the  brief  sketch  of  them  given  by  Bouty  in  the  third 
sujjplcment  to  Jamin's  Cours  de  Physique.  1906.-*** 

In  view  of  what  has  been  said,  it  would  indeed  be  wise  to  fol- 
low I'aure's'-^^  suggestion  that  those  who  are  to  spend  their  lives 
in  experimenting  should  receive  instruction  not  alone  in  the  tech- 
nique of  experimentation  but  in  such  allied  sciences  as  will  ren- 
der the  recurrence  of  a  second  X  ray  episode  unlikely. 
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.\ctOKi)i\(;  to  the  Electrical  Review  investigation  has  shown  that  various 
alloys  of  manganese,  copper  and  aluminum  possess  magnetic  properties,  al- 
though they  contain  no  metal  of  the  so-called  magnetic  group.  These 
alloys  have  upset  the  theory  of  magnetism  formerly  held.  The  most  prom- 
ising view  now  is  that  magnetism  is  a  molecular  property,  a  property  of 
groups  of  atoms  or  groups  of  molecules  rather  than  of  single  atoms  ahme. 


.-KccoRDiNO  to  the  statistics  presented  by  F.  Z.  Shellenberg  before  the 
Engineers'  Society  of  Western  Pennsylvania.  67  per  cent,  of  the  accidents 
in  Pennsylvania  coal  mines  are  due  to  falls  of  roofs  and  sides,  while  only 
9  per  cent,  are  due  to  gas  and  4  per  cent,  to  explosives. — Eng.  and  Miii.  Jour. 

Till-;  Brazilian  Government  is  about  10  levy  a  heavy  export  tax  uiion 
monazitc  sand,  which  will  affect  the  incandescent  gas  mantle  industry  gener- 
ally.— Loudon  Engineer. 
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INVESTIGATION   OF   STEEL-HARDENING   METALS. 

So  many  investigations  have  been  carried  on  in  connection  with  the 
manufactnre  of  crucible  steel  and  of  high-speed  tool  steel  that  further  ad- 
vance in  this  direction  would  seem  most  improbable,  but  the  combination 
of  other  metals  with  steel  has  now  fully  shown  that  they  give  it  specific 
properties  that  adapt  it  especially  to  particular  uses. 

The  known  steel-hardening  metals,  named  in  order  of  importance  of 
production  and  use,  are  nickel,  chromium,  manganese,  tungsten,  molyb- 
denum, vanadium,  titanium,  cobalt,  and  uranium.  The  value  of  these  met- 
als produced  in  the  United  States  in  1906  amounted  to  $458,327,  of  which 
$393,667  was  for  tungsten.  The  price  of  tungsten,  which  has  been  in- 
creasing for  a  number  of  years,  was  quoted  at  $5  to  ?6  per  unit  (i  per  cent. 
of  a  ton)  in  1905,  and  at  $12  per  unit  in  the  spring  of  1907.  Only  small 
quantities  are  at  present  imported  into  the  United  States,  as  European 
markets  utilize  practically  all  that  is  produced  in  foreign  localities,  mostly 
in  Peru  and  Australia.  Large  deposits  of  tungsten  are  found  in  Aus- 
tralia, and  it  is  not  improbable  that  sufficient  may  be  obtained  there  to  per- 
mit a  cetain  portion  of  it  to  be  shipped  to  the  United  States,  but  for  the 
present  this  country  will  have  to  look  within  its  own  borders  for  sources 
of  supply. 

The  increased  demand  for  the  steel-hardening  metals  has  stimulated 
prospecting  for  the  ores  in  the  United  States,  and  information  concerning 
them  is  eagerly  sought.  So  man}'  inquiries  have  reached  the  United  States 
Geological  Survey  that  a  special  investigation  of  the  subject  has  been 
planned,  which  has  been  assigned  to  Frank  L.  Hess.  In  the  course  of  this 
work,  which  will  extend  throughout  the  summer  and  into  the  fall,  Mr.  'Hess 
will  visit  South  Dakota  Idaho,  Colorado,  ^.lontana,  Washington,  Oregon, 
California.  Nevada.  Utah,  and  Arizona.  The  results  of  Mr.  Hess'  work 
will  be  reporte-  in  a  bulletin  on  the  steel-hardening  metal  deposits  other 
than  manganese. 


INVESTIGATIONS   OF   LIME-PHOSPHATE   DEPOSITS   OF 
THE  WEST. 

The  extensive  exploration  and  development  work  now  being  done  on 
the  lime-phosphate  deposits  in  Idaho,  Oregon,  and  Utah  afford  an  oppor- 
tunity for  a  detailed  geologic  study  of  phosphate  deposits  that  will  be  used 
to  great  advantage  by  the  United  States  Geological  Survey.  The  pits  and 
trenches  dug  to  determine  the  position  and  character  of  the  beds  must  be 
studied  while  still  freshly  made,  as  they  rapidly  become  filled  with  debris 
from  the  surface,  which  renders  their  examination  difficult. 

F.  B.  Weeks,  of  the  Survey,  who  made  a  preliminary  study  of  some  of 
the  workings  last  fall,  will  begin  field  work  about  the  middle  of  August  and 
continue  it  until  the  middle  of  October  or  later.  The  deposits  occur  over 
considerable  areas  in  southeastern  Idaho,  southwestern  Wyoming,  and 
northeastern  Utah,  and  prospecting  has  been  carried  on  a»:  a  number  of 
wideK'  separated  localities.  Beds  that  are  of  good  grade  but  too  thin  to  be 
profit.ibly  worked  have  also  been  discovered  in  Nevada,  and  it  is  probable 
that  further  exploration  will  show  that  these  phosphates,  have  a  wide  dis- 
tri')ulion. 
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A  Convenient  Means  of    Determining  the  Ash  in  Graphite 

Bv  S.  S.  Sai)TI,kr, 
Member  nf  the   Institute. 


Very  rtceiitly  llic  writer  had  occasion  to  make  a  number  of 
tests  of  the  mineral  resi(hie  (and  total  carbon)of  a  number  of 
samples  of  Hake  graphite  of  different  degrees  of  fineness.  It 
happened  that  the  analyses  had  to  be  finished  with  considerable 
rapidity,  but  tlie  residue  had  to  be  left  in  such  a  condition  that  it 
could  be  analyzed  for  iron  oxide  and  silica. 

Mr.  P.  B.  Sadtler  suggested  that  it  might  be  done  b}-  using  the 
inner  crucible,  described  by  the  writer  in  a  paper  on*  "The  Deter- 
mination of  Sulphur  in  Halogens  in  Organic  Substances."  The 
reason  for  selecting  this  form  of  crucible  was  that  it  was  nar- 
rowed from  the  bottom  to  the  top,  so  that  the  cross  section  of  the 
<:)[)ening  was  much  less  tlian  tlie  bottom  of  the  crucible.  The 
measurements  of  a  small  crucible  were:  Diameter  of  the  ojjening, 
15  millimeters;  diameter  of  the  l)ottom,  25  millimeters;  measure- 
ment of  side,  40  millimeters. 

The  amount  of  gra])hite  weighed  out  for  analysis  was  about 
one-third  of  a  gram.  It  was  found  that  with  the  very  fine  flakes. 
that  the  heat  of  combustion  was  so  great  that  the  residue  fused, 
and  while  this  did  not  interfere  with  the  determination  of  the 
total  [imount  of  the  residue,  it  made  it  hard  to  remove  it  from  the 
•crucible  and  analyze  it. 

It  was  therefore  found  necessary  to  mix  a  small  amount  of 
carefully  ignited  magnesia  with  the  finer  flaked  grades.  The 
amount  used,  however,  was  only  al)out  twenty  milligrams.  In 
the  coarser  grades  a  little  magnesia  was  also  used,  but  the  amount 
was  only  about  five  milligrams,  as  more  magnesia  rendered  it 
more  difficult  to  biuMi  completely. 

In  carrying  out  the  analysis,  the  amount  mentioned  was 
weighed  into  the  crucible,  containing  the  re(|uisite  amount  of  mag- 
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nesia.  These  were  then  intimately  mixed  and  shaken  down  to  a 
smah  pile  in  the  bottom  of  the  crucible,  when  tipped  at  an  angle  of 
about  30°,  or  as  found  C(jnvenient  fcjr  burning.  It  is  then  placed 
upon  a  platinum  triangle,  over  an  ordinary  blast  lamp,  so  that  the 
combustion  might  be  started  and  more  or  less  regulated  there- 
after. 

The  chief  precautions  found  necessary  to  completely  burn  the 
graphite  were  to  prevent  blowing  out  either  the  graphite  or  the  ash 
with  the  current  of  oxygen,  and  to  keep  the  mass  together  and 
continually  burning,  as  light  flakes  driven  to  other  parts  of  the 
crucible  would  take  some  time  to  become  consumed. 

It  was.  therefore,  found  desirable  to  get  a  suitable  stream  of 
oxygen,  wliich  was  tlelivered  to  the  crucible  by  means  of  a  clay 
pipe  stem,  and  hold  it  first  at  the  opening,  to  gradually  bring  it  in, 
and  run  it  over  the  surface,  so  as  to  slightly  sinter  it.  Then,  be- 
ginning at  one  edge,  to  gradually  bring  the  combustion  through 
the  mass,  keeping  the  temperature  at  very  bright  incandescence, 
the  observer  using  cobalt  glass  for  protection  to  his  eyes.  When 
no  more  bright  indication  of  combustion  is  perceptible,  all  graph- 
ite should  be  consumed,  but  it  is  well  to  keep  a  small  stream  of 
oxygen  playing  into  the  crucible  for  five  or  ten  minutes,  to  be  sure 
of  the  reaction  being  completed. 

When  the  analyses  were  first  started,  duplicate  determinations 
were  made  on  about  six  grades,  which  showed  but  slight  varia- 
tion, namely  up  to  about  .t,^/c  ,  based  upon  the  sample  taken.  The 
writer  did  not  expect  to  publish  results  at  the  time,  and  cannot 
give  figures  except  those  selected  as  the  results  taken. 

These  are  given  as  follows,  and  show  a  rather  uniform  grada- 
tion of  the  total  carbon  in  the  separations  of  a  practical  manu- 
facturer. 

The  first  series  are  comparisons  of  the  same  grading,  but  some 
difference  in  the  manner  of  separation  : 

No.  I 
Crucible. 

Ash 5.07 

Carbon 94-93 

No.  I 
Crucible. 

Ash 5.76 

Carbon 94-^4 


SERIES    NO.    I. 

No.  2 

Crucible. 

1-19  Dust. 

2-19  Dust. 

7.46 

33-70 

60.25. 

92-54 

66.30 

39 -7S 

SERIES    NO.    2. 

No.  2 

Crucible. 

1-19  Dust. 

2-19  Dust.. 

6.52 

12-93 

42.30 

C3-48 

87.07 

57  ^(^ 
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SERIES 

.\().  3. 

Ash 

Carbon 

No.  I 

Lub. 

..  2.65 

• ■97-35 

No.  I 

Lul). 

6.16 

93-84 

50 

Flake. 

7-93 
92.17 

75 

Flake. 

10.6,0 

89.40 

ICO              I ?o 
Flake.      Flake 
15.50          l8.20 
84.50        81.80 

150 

Flake. 

33- 10 

66.90 

W'itli  rei^ard  to  tlie  oxygen  used,  it  is  probable  that  any  good 
commercial  grade  would  be  satisfactory.  The  writer,  however, 
ha|j])ene(l  to  have  an  "oxone"  generator,  and  used  oxygen  made 
therein,  which,  of  course,  is  nearly  ioo7c  pure  gas.  and  differs 
from  that  made  in  some  ways,  notably  from  li(juid  air.  which  has 
I)een  upon  the  market.  If  made  from  chlorate  of  potash  and 
manganese  dioxide,  the  percentage  of  oxygen  should  be  nearly  as 
high.  It  may.  however,  be  that  it  would  not  be  requisite  to  have 
pure  oxygen,  although  the  larger  the  percentage  of  oxygen,  the 
less  the  force  f)f  the  stream  impinging  u])on  the  grai)hite  would 
have  to  be  for  the  same  activity  in  combustion. 

Laboratory  of  Samuel  P.  Sadtler  &  Son, 
July  15,  1907. 


GRAY   IRON   ORES   OF  TALLADEGA   COUNTY.   ALA. 

The  gray  iron  ores  of  .Mabania  occur  in  a  belt  that  is  confined  almost 
entirely  to  Talladega  County,  and  although  this  belt  of  ore  has  long  been 
kn<nvn.  having  been  reported  by  Tuoniey  in  1858,  but  little  attention  has 
been  paid  to  it  as  a  source  of  iron.  The  only  company  now  in  active  op- 
eration in  this  region  is  taking  out  ore  at  but  one  locality — the  Mesaba  or 
Tallaseehatchec  mine,  cm  Tallaseehatchee  Creek. 

Practically  all  the  so-called  gray  ore  is  hematite,  but  in  places  the  per- 
centage of  magnetite  is  so  large  that  the  ore  is  somewhat  magnetic.  Its 
name,  derived  from  the  ashy  gray  color  which  it  takes  on  weathering. 
n<jt  only  describes  it  but  serves  to  distinguish  it  from  the  brown  or  red 
ores  of  the  northern  part  of  the  State. 

The  eccjnomic  importance  of  these  gray  ores  is  regulated  liy  four  fac- 
tors, ail  of  which  should  be  carefully  considered  before  extensive  develop- 
ment work  is  undertaken.  These  are  cost  of  mining,  value  of  ore.  cost  of 
:  melting,  and  opportunities  for  marketing  products.  These  factors,  as 
well  as  the  occurrence  and  character  of  the  ore,  are  briefly  discussed  by 
Philip  S.  Smith  in  a  paper  recently  published  by  the  United  States  Geologi- 
cal Survey  as  part  of  its  annual  volume  on  economic  geology  (Bulletin  No. 
315).  copies  of  which  may  be  obtained  by  applying  to  the  Director  of  the 
Survey  at   Washington,  D.  C. 
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PRODUCTION    OF    BAUXITE   AND    ALUMINUM    IN    1906. 

The  production  of  bauxite  in  the  United  States  in  igo6  amounted  to 
Ti'ZZ^  long  tons,  valued  at  $368,311.  Compared  with  the  production  in  1905, 
48.129  long  tons,  valued  at  $240,292.  the  production  in  1906  has  increased 
27,203  tons — nearly  57  ])cr  cent. — while  the  average  price  per  ton  remains 
almost  the  same.  Arkansas  still  leads  in  production,  the  other  producing 
States  being  Georgia  and  Alabama. 

The  use  of  low-grade  bauxite  for  the  manufacture  of  refractory  brick 
and  the  prospective  new  developments  in  the  aluminum  industry  have 
stimulated  interest  in  deposits  of  bauxite.  In  Tennessee  developments 
have  already  begun  on  deposits  at  ^lissionary  Ridge  and  at  East  Lake  and 
Sherman  Heights,  suburbs  of  Chattanooga.  Bauxite  has  been  noted  in 
California  and  also  in  Kentucky. 

Bauxite  in  the  form  of  bricks  has  proved  to  be  f)f  great  value  as  a  re- 
fractory material  for  lining  basic  open-hearth  steel  furnaces  and  lead-refin- 
ing furnaces,  being  superior  to  fire  brick  for  these  uses. 

As  an  ore  of  aluminum  bauxite  is  still  in  great  demand.  The  produc- 
tion of  aluminum  has  increased  in  twenty  years  from  18.OCO  pounds  to 
nearly  15,000.000  pounds  annually,  its  production  in  1906  having  been  14,- 
'910,000  pounds.  This  increase  in  production  was  accompanied  by  a 
very  substantial  reduction  in  price.  The  application  of  the  metal  to  new 
uses  from  time  to  time  and  its  increased  employment  in  old  ways  has 
caused  a  consfant  demand  for  it.  which  has  not  been  fully  supplied. 

Recent  plans  of  the  Aluminum  Company  of  America,  formerlj'  the  Pitts- 
burg Reduction  Company,  contemplate  the  erection  of  a  model  factory 
town,  comprising  200  new  houses,  for  the  employees  of  its  factories  at 
Massena,  N.  Y.,  and  a  mill  for  rolling  aluminum  sheets  at  its  New  Ken- 
sington, Pa.,  plant. 

Projects  are  under  way  which,  if  realized,  will  place  in  the  field  several 
'competitors  for  the  aluminum  trade.  One  of  these  projects,  it  is  re- 
ported, will  be  located  on  Cumberland  River,  about  twenty-five  miles  from 
Williamsburg.  Ky..  where  the  river  falls  about  sixty  feet.  The  enter- 
prise involves  the  construction  of  a  dam  which  will  provide  20,000  horse- 
power at  any  season  ot  the  year.  ■  • 

An  advance  chapter  from  "Mineral  Resources  of  the  United  States, 
Calendar  Year  1906."  on  the  production  of  bauxite  and  aluminum  in  1906,  by 
E.  F.  Burchard.  is  now  ready  for  distribution.  The  pamphlet  comprises  a 
note  on  aluminum  salts,  including  alum  and  aluminum  sulphate,  with  de- 
scriptions of  undeveloped  deposits  of  these  salts  in  Nevada  and  New 
]\Iexico. 

Muck  difficulty  is  usually  found  in  makmg  paint  adhere  firmlj'  to  gal- 
vanized iron.  The  United  States  Government  has  adopted  specifications 
which  appear  to  give  satisfactory  results  and  which  call  for  the  use  of  vine- 
gar in  washing  the  surface  before  painting,  which  washing  roughens  or 
corrodes  the  surface  and  gives  the  paint  better  adhesion. — Eng.  and  Min. 
Jour. 
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Direct  and  Indirect  Methods    of  Electrical    Purification  of    Water. 
By  Henry  Li;i-km.\.\\. 


It  is  ab(jnt  a  century  since  the  results  nt  electrolysis  began  to 
attract  attention,  but  tlie  commercial  exploitation  <,)f  the  processes 
was  impossible  until  the  economic  production  of  the  processes 
practical.  S<j  far  as  the  purification  of  water  is  concerned,  but 
little  result  was  expected  from  electrolytic  methods  until  the  dis- 
covery of  the  microbic  life  in  water  and  its  relation  to  disease. 
Tlie  latter  discovery  was  pnjmptly  made  the  basis  of  a  rapid  and 
brilliant,  but  in  some  respects  untrustworthy  dexelopment. 
Water  analysts,  and  sanitarians  generally,  were  often  misled  by 
the  statements  emanating  from  bacteriologic  lal)oratories.  Even 
to-day,  we  must  receive  with  caution  publications  from  such 
.sources,  especially  tabulated  results  of  experiments. 

It  is  not  necessary  to  re\iew  the  history  of  the  application  of 
electrical  currents  U)  water  purification,  nor  to  describe  even 
briefly  the  numerous  patents  that  have  been  granted  for  such  pur- 
poses. I  propose  to  refer  here  only  to  some  that  have  come 
under  my  own  observation,  in  conse(|uence  of  having  been  asked 
to  make  expert  investigations.  Some  attempts  have  l)een  made 
to  remove  the  mineral  impurities  from  water  by  taking  advant- 
age of  the  electrolytic  powers,  but  most  processes  have  been  in- 
tended to  kill  the  microbes.  The  ordinary  inventor  has  pro- 
ceeded upon  his  (generally  suiJcrficial)  knowledge  that  the 
di.sease-carrying  power  of  water  is  dependent  upon  bacteria,  and 
that  electricity  in  sufficient  strength  is  fatal  to  living  matter. 

In  some  of  the  processes  the  method  has  been  the  crude  one  of 
simply  passing  electric  discharges  through  the  water,  hoping  to 
kill  the  bacteria  by  direct  shock.  flius.  in  one  patent  which  was 
submitted  to  my  consideration  a  few  years  ago.  the  inventor  pro- 
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poses  to  have  electrodes  passed  into  the  water-main  through  in- 
sulated sockets  and  (hscharge  a  successi(jn  of  sparks  across  the 
stream.  The  impracticabihty  of  the  method,  on  anything  but  the 
most  minute  scale,  seems  not  to  have  appeared  to  him.  but  what  I 
consider  much  worse,  the  absurdity  was  unregarded  Ijy  the  patent 
office.  It  has  seemed  to  me  that  there  are  limits  beyond  which 
the  authorities  of  the  patent  office  should  not  allow  the  sanction 
of  their  protection.  1  am  well  aware  of  the  fact  that  mail}'  i)ro- 
cesses  ridiculed  by  experts,  have  been  successfully  applied,  but  a 
limit  of  permissibility  can  be  set  without  working  injustice.  Too 
many  patents  are  granted  that  are  inoperative  and  are.  or  should 
be.  known  to  be  so  bv  the  examiners  who  have  experience  in  such 
matters. 

I  have  seen  in  operation  se\eral  methods  of  water  purification 
by  means  of  electrolysis.  In  these  aluminum  electrodes  have 
been  used,  and  more  or  less  loss  of  the  metal  has  occurred,  it 
being  converted  into  aluminum  hydro.xide.  'Fhis  produces  its 
usual  effect,  that  of  combining  with  the  organic  matter  and  en- 
tangling the  suspended  substances  so  that  the  water,  after  treat- 
ment, can  be  subjected  to  a  rapid  filtration  and  will  show  ma- 
terial improvement  in  microbic  content,  especially  if  the  amount 
of  suspended  matter  and  microbic  content  were  previously  high. 
On  waters  containing  but  little  suspended  impurity,  living  or 
dead,  the  purifying  action  is  relatively  low.  The  constant  loss 
of  the  electrode  is.  of  course,  a  most  serious  item  of  expense,  gen- 
erallv  overlooked  in  the  ex])erimental  jilants. 

Two  of  the  ])lants  in  whicli  aluminum  electrodes  were  used 
mav  be  described  with  advantage  in  some  detail,  as  some  inci- 
dental features  are  of  interest.  In  one.  large  aluminum  plates 
two  feet  long  and  several  inches  wide  were  immersed  in  the  water 
in  a  tall  jar  and  the  current  i)assed  through.  The  experi- 
menters selected  ( ])robal)ly  with  a  view  of  more  prt)foundly  im- 
pressing inexperienced  observers)  very  muddy  water  from  the 
street  gutter  in  front  of  the  building  in  which  the  plant  was  lo- 
cated. The  current  .seemed  to  cause  the  mud  to  collect  and  settle 
rapi(ll\-  and  the  water  became  soon  fairly  clear,  but  analysis 
showed  ammonium  compounds  and  nitrates  in  abundance,  and  it 
was  evident  that  the  i)urihcation  was  nominal.  The  parties  had 
but  little  money  mid  were  trying  to  interest  a  Philadelphia  busi- 
ness man.  but  I  cnuld  not  make  anv  l)ut  an  unfav(M-able  report. 
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In  another  case  I  was  asked  to  examine  a  plant  that  was  in 
operati(jn  near  Eighth  and  Chestnnt  Streets,  Philadelphia.  One 
(jf  the  ])arties  operating  the  plant  claimed  that  the  scale-forming 
ingredients  could  be  removed  fnjm  Schuylkill  water  as  well  as 
the  other  impurities.  As  this  was  a  \ery  bnjad  and  seemingly 
unwarranted  claim.  I  was  much  interested  in  the  basis  for  it. 
The  promotor  furnished  me  with  a  sample  of  water,  said  to  be 
Schu\lkil]  (  cit}" )  water  so  treated  and  jjurified,  but  (jn  taking  the 
total  solids  1  found  the  dissohed  fixed  matter  to  be  just  about 
that  of  the  amount  in  the  city  water.  It  was  ex'ident  that  no 
material  diminution  of  the  dissolved  solids  had  occurred.  At 
the  lu'gent  recpiest  of  the  jjrcjmoters,  I  visited  the  plant  and  found 
a  very  elaborate  installation,  mostly  of  closed  vessels,  some  of 
which  were  taking  the  street  current  through  ammeters  and  volt- 
meters, and  from  others  of  which  a  clear  water  could  be  drawn  in 
considerable  amount.  The  operat(jrs  slujwed  me  specimens  of 
water  containing  a  large  amount  of  sediment,  mcjstly  in  tiakes, 
wliich  the\'  claimed  to  be  the  "scale-forming  ingredients."  I 
was  at  first  much  puzzled  by  this  sediment,  as  I  had  not  been  in- 
formed as  to  the  construction  of  the  electrifying  apparatus,  but 
when  I  learned  that  aluminum  electrodes  were  used  I  recognized 
at  (jnce  that  the  precipitate  was  aluminum  hydroxide.  The  process 
was.  of  course,  entirely  unsuited  to  the  purposes  f(^r  which  it  was 
devised. 

In  the  operation  of  the  Anderson  process  of  purifying  water 
by  agitation  with  metallic  iron,  attempts  have  been  made  to  get 
more  powerful  action,  that  is,  more  rapid  solution  of  the  iron,  by 
making  it  the  positive  pole  of  an  electric  system,  but  no  practical 
advantage  seems  to  have  been  attained.  Recently,  a  process  has 
been  patented  in  which  an  electric  current  is  passed  from  an  in- 
ner to  an  outer  pipe,  the  water  flowing  through  the  annulus.  but 
I  have  no  practical  knowledge  of  this  method. 

It  seems  to  me  that  the  most  practical  benefit  of  the  applicatii^n 
of  electricitv  to  water  purification  will  come  from  the  indirect 
methods  in  w  hich  the  electrical  energy  used  to  produce  an  active 
disinfecting  agent,  and  this  is  then  api)lied  to  the  water.  Of  all 
the  processes  of  this  type,  those  which  produce  ozone  seem  to  be 
most  useful.  1Mie  material  from  which  ozone  is  obtained — air — 
is  in  unlimited  supply  and  the  addition  to  water  cannot  be  re- 
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garded  as  being  dangerous,  since  if  present  in  excess  it  soon  re- 
verts to  the  condition  of  ordinary  oxygen. 

The  principal  problem  in  this  method  is  the  economic  produc- 
tion of  ozone.  This  modification  of  oxygen  can  be  obtained  by 
several  methods  of  different  types,  but  those  in  which  electricity 
is  employed  seem  to  be  alone  applicable  to  the  processes  in  ques- 
tion here.  Vov  the  purpose,  high-tension  currents  are  most  eco- 
nomical, and  the  best  yield  is  obtained  by  the  so-called  "silent 
discharge."  It  is  now  known  that  a  spark  or  arc  discharge  will 
produce  nitrogen  oxides  which  are  corrosive.  It  has  also  been 
determined  that  the  air  intended  for  production  of  ozone  should 
be  dry,  otherwise  hydrogen  dioxide  will  be  formed.  The  princi- 
pal mechanical  difficulty  encountered  in  producing  ozone  on  the 
large  scale  by  means  of  the  electric  discharge  is  to  secure  a  suita- 
ble dialectric.  Glass,  porcelain,  rubber  and  other  materials  have 
been  tried  but  are  so  liable  to  fracture  or  perforation  that  serious 
interruptions  of  operation  frequently  occur.  Continuity  of  ac- 
tion is  very  important  in  commercial  processes,  such  as  the  puri- 
fication of  water,  and  when  a  large  unit  of  the  plant  is  out  of  use 
in  order  to  install  a  new  dialectric,  the  condition  is  annoying. 

The  inventions  of  Vosmaer  seem  to  overcome  the  difficulty, 
for  he  avoids  the  use  of  a  special  dialectric,  employing  only  the 
dry  air  which  is  to  l)e  ozonized.  The  discharge  takes  place  from 
thin  metal  strips  on  which  are  saw-like  teeth.  These  strips  are 
held  by  insulating  (porcelain)  sockets,  firmly  in  the  center  of 
metal  pipes.  Many  of  these  pipes  are  combined  in  parallel,  the 
strips  being  all  connected  with  one  pole  and  the  pipes  with  the 
other.  An  alternating  current  of  high  potential  is  allowed  to 
flow  through  the  arrangement,  almost  all  the  current  passing  by 
silent  discharge,  although  at  times  a  spark  passes,  but  as  there  is 
no  jiermanent  dialectric,  no  damage  is  done.  The  sparking  is 
too  seldom  to  ])r()duce  damage  or  any  appreciable  amount  of  ob- 
jectionable gases.  The  drying  of  the  air  may  be  done  by  any  of 
the  known  methods;  pret'erence  is  given  by  Vosmaer  to  refrigera- 
tion, by  means  of  an  ordinary  ice  machine. 

A  plant  capable  of  purit'viwg  many  thousand  gallons  in 
twenty-four  hours  hris  been  for  some  time  in  (Operation  on  the 
west  bank  of  the  Schuylkill  River  at  the  foot  of  Locust  Street. 
Philadelphia.  The  cuts  will  show  the  general  arrangements,  but 
.a  brief  description  will  aid  in  understanding  the  operation. 
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Tht  water  is  first  roughly  filtered.  This  operation  is  merely 
intended  to  remove  the  grosser  suspended  matter,  as  the  ozone 
process  proper  does  not  accomplish  this.  As  the  main  part  of 
the  operation  is  the  destructive  action  of  the  ozone  on  the  bac- 
teria, it  is  not  necessary  for  the  preliminary  filtration  to  be  nearly 
so  ck^se  as  when  the  latter  is  the  sole  reliance  ( as  in  ordinary  fil- 
ter plants),  hence  the  filter  area  in  the  ozone  plant  is  relatively 
very  much  smaller,  the  rate  f)f  filtration  being  so  much  greater. 
The  filtered,  or,  perhaps,  we  may  call  it  strained  water,  is  passed 
into  aerating  towers.  These  are  tall,  narrow  vessels,  into 
which  the  water  enters  at  the  top  and  the  ozonized  air  at  the 
bottom,  the  latter  under  considerable  pressure.  In  the  experi- 
menal  plant  above  mentioned,  an  exhibition  mixing  tower  has 
been  installed.  This  is  a  glass  tube  about  sixteen  feet  high  and 
ten  inches  in  diameter.  In  this  the  admixture  of  the 
ozone  current  with  the  water  current  is  well  seen.  Upon  the 
thoroughness  of  this  mixing  depends,  in  large  part,  the  thor- 
oughness of  the  purification.  The  water  escapes  at  the  foot  of 
the  mixing  tower,  clear  and  practically  sterile.  It  sometimes 
contains  a  small  amount  of  ozone  in  solution,  but  this  is  not  ob- 
jectionable and  soon  disappears,  either  by  conversion  into  ordi- 
nary oxygen  or  by  combination. 

The  advantages  of  the  process  may  be  summarized  as  follows: 

No  objectionable  chemical  is  introduced  into  the  water. 

Large  filter  beds  are  not  required. 

The  operation  expenses  are  not  high. 

The  plant  occupies  a  limited  area  and  the  oi)eration  is  simple 
and  easily  comprehended. 

The  ])lant  may  be  enlarged  by  the  addition  of  new  units  with- 
out disturbing  the  original  units. 

'I'he  sterilization  is  rapid  and  certain. 

The  plant  may  be  placed  at  any  convenient  point. 

The  process  seems  ti  me  to  find  even  more  valuable  ;'pplication 
to  the  purification  of  sewage  than  to  ordinary  water  supply.  Both 
of  these  problems  are  now  among  the  most,  urgent  questions  of 
sanitation.  The  extensive  use  of  water  in  our  domestic  life,  with 
the  increasing  sources  of  pollution,  give  importance  to  every 
method  of  purification,  and  processes  that  seem  to  be  founded  on 
scientilic  jirinciples  and  seem  caj^able  of  i)ractical  operation  on  a 
large  scale,  and  to  invoKe  low  operative  cost,  limited  land  area 
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and  freedom  from  dangerous  chemicals  deserve  careful  investiga- 
tion. 

Many  test.s  of  the  bacteriocidal  efficiency  of  the  plant  have  been 
made.  Some  made  by  myself  showed  that  the  water  as  dis- 
charged frcjm  the  ozonizer  is  practically  sterile.  The  following 
more  elaborate  tests,  extending  over  many  weeks,  were  made  by 
Dr.  Rivas,  official  bacteriologist  of  the  City  of  Philadelphia,  sup- 
planted by  independent  tests  by  Drs.  Jackson  and  Hale,  city  bac- 
teri(jl()gists  of  Greater  New  York. 

UK.    KIV.VS. 

Bacteria  Organic  Matter 

Before                         After  in  Solution 

Date            Sample     Ozonization             Ozonization  Before           After 
(includ'g  disease  germs)(no  disease  germs) 

May  15,  1905         I                720.COO                            16  15.21                 7.7 

May  15.  1905         -'                ^S.^coo                           ^7  13.33                8.89 

May  18,  1905         I               500.  ceo                          55  11.96                7.51 

May  18,  1905        2               500. coo                          38  19.92                7.11 

May  19,  1905         I                700. coo                            5  10.07                6.52 

May  19.  1905        2               700.C00                            o  12.64                (>-7- 

Average  562.  ico  25 

DRS.    J.XCKSOX    .\N'I)    U.W.K. 


H.  Coli 

after  Ozone 

May  19.  1905 

1 

665,000 

15 

0 

May  19,  1905 

-> 

648,000 

13 

0 

More  recent  tests  conhrm  the  foregoing. 

The  following  figin-cs  show  a  series  of  tests  with  st;itcnient  of 
operative  cost : 

Quality  of  BacUria  IClectrical        latcper 

Date  Water  Before  After     Expendi'e  million  gals. 

gals,  per  hr.  Oz(jniza'n.   Ozoniza'n.   K.W.lir.  inK.W.hrs. 


Dec.  14. 

1905 

31.^00 

1.500 

2 

6.1 

196 

Dec.  14, 

J  905 

30,000 

2,000 

2 

6.0 

200 

Dec.  14, 

1905 

.^0,300 

2,600 

4 

6.0 

198 

Dec.  15. 

1905 

30.900 

2.100 

2 

5-5 

1 78 

Dec.  15. 

1905 

3i..?oo 

I.OCO 

2 

5  9 

188 

Dec.  15. 

1905 

30.000 

1.300 

5 

5.S 

19.^ 

Dec.  18. 

1905 

29.900 

5,600 

4 

5-6 

17-' 

Dec.  18, 

1905 

31.000 

1. 000 

5 

5.6 

181 

Dec.  18. 

1905 

28.500 

1,200 

1 

5-5 

193 

Dec.  19, 

1905 

30.000 

750 

-• 

5-5 

183 

Dec.  19, 

1905 

29.000 

550 

4 

5-6 

193 

Dec.  19, 

1905 

27.000 

9.900 

i<) 

5.6 

208 

2i6  Notes  and  Comments.                           [J-  F.  I.. 

Dec.  19.  1905  28.0C0  6,000  3  5.5  197 

Dec.  19,  1905  30.000  3.700  4  5.5  183 

Dec.  20,  1905  29,000  2,900  I  5.5  190 

Dec.  20.  1905  28,400  4,100  2  5.6  197 

Dec.  20,  1905  28,400  7,100  5  5.6  197 

Dec.  20,  1905  28,000  5.700  5  5.8  207 

Dec.  21.1905  29.000  8,600  13  5.5  190 

Dec.  21,  1905  28,000  8,700  II  5.5  197 

Dec.  21.1905  27.000  16.400  15  5.8  215 

Dec.  21,  1905  26.C00  2.700  6  5.5  212 


FOREST   SERVICE  TIMBER  TESTS. 

Extensive  tests  to  determine  the  strength  of  the  commercial  timbers  of 
the  United  States  are  being  made  by  the  Forest  Service.  Such  information 
is  of  great  value  to  architects  and  engineers  in  that  it  enables  them  to  use 
more  economically  the  products  of  the  forest.  The  tests  are  made  on  large 
beams.  The  material  is  generally  tested  while  green,  since  timber  is 
weakest  in  the  green  condition.  The  strength  of  a  beam  is  indicated  by  the 
greatest  fibre  stress  developed  during  the  test.  Technically  speaking,  this 
breaking  strength  is  termed  the  modulus  of  rupture.  By  using  it  the  load 
that  any  'beam  will  carry  can  be  calculated.  In  the  table  below  the  first  col- 
umn gives  the  green  breaking  strength  of  our  principal  commercial  tim- 
bers. The  second  column  gives  the  greatest  load  that  a  timber  five  inches 
wide  and  twelve  inches  high,  with  fifteen  feet  between  the  supports, 
would  hold  if  the  load  were  concentrated  midway  between  the  supports. 

Breaking  load 
concentrated  mid- 
way" between  sup- 
Breaking  strength  ports,  for  a  beam 
Species.                                              in  bending.  5  x  12  in.  x  15  ft. 

lbs.  per  sq.  in.  lbs. 

Longleaf   pine 7^772  20.700 

Douglas    fir 7.500  20,000 

Western    hemlock 5.783  15.400 

Loblolly    pine 5.580  14,900 

Tamarack     4.562  12,300 

Norway    pine 3-975  10,600 

If  instead  of  being  concentrated  at  one  point  the  load  were  uniformly 
distributed  over  the  entire  length  of  the  beam  the  beam  would  hold  twice 
as  much.  In  order  to  insure  safety,  in  practice  beams  are  seldom  allowed 
to  carr\-  mere  than  one-sixth  their  breaking  loads. 
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Mining  and  Metallurgical  Section. 

(Stated  Meeting  held  Thursday,  January  26th,  1^06. J 


The  Schuyler  Mine. 
By  J.  H.  Granbery, 

Associate  Member  Am.  So.  C.  E. ,  Member  of  the  Institute. 


( Concluded  frovi  p.  2S) 

Tlie  geological  formation  is  shown  in  Fig.  i.  The  illustra- 
tion shows  the  face  exposed  by  quarrying  for  sandstone.  All 
the  mining  that  was  carried  on  for  the  early  part  of  the  opera- 
tion was  done  by  shaft  working;  and  it  is  only  through  the 
quarrying  operations  referred  to  that  so  much  of  the  bedding 
l^lane  of  the  ore  Ixnly  is  exposed  to  view.  In  the  hgure  is 
shown  a  blacksmith  simp,  and  a  temporary  power  plant,  used 
for  furnishing  the  current  to  operate  electric  drills.  The 
quarry  floor  "C"  is  the  top  of  a  bed  of  red  sandstone  and  shale ; 
the  gray  sandstone  lies  in  two  layers  above  it.  The  lower  ex- 
tends from  "C"  to  the  lower  edge  of  the  seam  "B."  and  the 
upper  extends  from  the  upi)er  edge  of  *'B"  to  the  shale  and 
brecciate<l  trap  at  "A.'"  The  two  layers  are  ea:ch.  at  this  ex- 
posure, about  eleven  feet  thick  ;  the  seam  "B"  is  a  shaly  slate 
that  runs  from  six  to  nine  inches  thick,  and  carries  alx'tut  six 
per  cent.  coj)per. 

At  the  opening  "!)."  where  it  cuts  tiirough  the  two  layers  of 
sandstone  and  the  seam  "!>."  the  presence  of  calcite  is  shown 
by  the  white  streak  whore  the  roof  of  shale  and  trap  is  broken 
out.  The  shale  and  trap  themselves,  at  this  point,  carry  con- 
sidL-rable  co]i]ier.  The  openings  referred  to  are  indicated  by 
the  letters  "D"  and  ".\"  on  the  acconij^anying  map.  Fig.  2. 
Here  the  tortuous  character  of  the  workings  is  clearlv  shown. 
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Fig.  4.    Tlie  Victoria  shaft. 
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The  process  of  ''following  the  ore'"  was  apparently  profitable, 
if  we  may  judge  by  the  size  and  number  of  stopings  that  have 
been  carried  on. 

The  map.  Fig.  3,  shows  the  outline  of  the  outcrop  and  gives 
an  approximate  scale  elevation  of  the  ore  body  as  it  is  exposed. 
The  dotted  lines  show  the  north,  south  and  middle  drain  tun- 
nels respectively,  and  the  location  of  shafts  is  shown  by  the 
circles.  The  middle  tunnel,  which  is  the  main  outlet  for  drain- 
age, is  showai  to  better  advantage  in  Fig.  2. 

With  the  exception  of  the  "Victoria"  and  Shaft  No.  i,  all  of 
the  old  shafts  were  caved  or  had  become  partially  filled  up  pre- 


Fig.  li.    The  reduction  plant,  built  in  19U0-01. 

vious  to  1899.  The  other  open  shafts  were  reopened  bv  the 
operators  who  took  over  the  property  at  that  time ;  they  drove 
no  new  shafts. 

In  Fig.  4  is  shown  an  old  ladder,  found  below  the  water  line, 
in  the  Victoria  shaft :  this  was  made  of  oak  and  had  been  sub- 
merged for  thirty-five  years;  it  was  very  heavv,  due  to  the 
water  it  had  absorbed,  but  strong  and  still  capable  of  hard 
usage.  At  the  foot  of  the  ladder  is  shown  a  section  of  piping 
of  a  form  that  is  unusual  at  this  day;  this  is  the  pump  valve  of 
the  old  Cornish  pump.  The  flanges  shown  were  used  for  at- 
taching the  valves.  The  old  pipe  was  joined,  not  by  flanges  or 
screwed  connections  as  in  present  practice,  but  by  a  method 
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somewhat  similar  to  the  bell  and  spigot  connections  used  for 
water  mains.  The  joints  were  not  leaded,  but  were  packed 
with  rope  and  tar.  and  then  a  sleeve  was  driven  on  to  hold  the 
pipes  and  the  packing  in  place.  Fragments  of  the  old  Cornish 
pump  rod  may  be  seen  at  the  extreme  left  of  the  figure,  and  in 
the  open  space  marked  by  the  cross  are  still  to  be  seen  the 
foundations  of  the  first  steam  engine  in  America. 

The  stamp  mill  used  by  the  Brisk  company  was  just  off  the 
limits  of  the  ])icture ;  and  in  1900.  when  this  shaft  was  retim- 
bered  under  the  author's  direction,  an  old  stone  wall  was  un- 
earthed that  had,  to  all  appearances,  formed  the  outer  wall  of 
the  old  engine  house. 

Fig.  5  shows  the  general  ap])earance  of  the  quarry  face  and 
floor  after  soiiie  months  of  operation.  The  entrances  into  drifts 
are  shown,  and  marked  to  identify  them  ;  the  quarry  floor  is 
Ijuried  under  about  ten  feet  of  ore — taken  out  in  the  interval 
between  making  photographs  of  Fig.  1  and  Fig.  5.  The  South 
(|uarry  is  seen  in  the  distance,  and  to  the  left  of  the  illustration 
is  the  steel  framework  for  the  crushing  and  milling  plant.  The 
])lant  itself  is  shown  in  a  more  general  way  in  Fig.  6,  where  the 
frame  for  this  building  is  shown  partly  erected. 

.At  the  left  of  Fig-.  C),  directly  below  the  small  "timekeeper's 
house.  "  is  seen  the  lock-cribbed  shaft  for  cleaning  out  the  main 
drain  tunnel.  This  is  marked  upon  the  ma]).  I'ig.  J.  in  the  lower 
corner.  The  stone  building  in  the  foreground  is  the  jjower 
liouse.  that  to  the  right,  back  of  the  well  drilling  machinery,  is 
the  (le])osilion  building,  where  the  metallic  j)ro(luct  was  de- 
signed to  be  produced.  Between  this  and  the  furnace  building 
direct))'  above  it  were  the  leaching  tanks,  four  in  number,  de- 
signed to  handle  125  tons  of  ore  per  day.  The  brick  stack  has 
a  column  100  feet  high,  and  the  to])  of  its  foundatit)n  is  sixty- 
five  feet  ab()\e  the  meadow. 

In  drilling  the  well  indicated  l)\-  the  location  of  the  machinery 
for  that  ])ur|)ose,  ore  was  found  at  considerable  depth,  and  tlie 
suggestion  has  been  advanced  that  there  may  be  a  secondary 
emMchment  of  the  count r\-  rock  at  greater  dei)th.  Xo  (3ther 
borings  were  made  to  confirm  this  hy])othesis,  however,  and  it 
is  doubtful.  e\en  if  such  confirmation  were  forthcoming, 
whether  the  material  could  be  obtained  at  a  profit  under  the 
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circumstances.     The  well  is  343  feet  cleep.  with  an  eight-inch 
casing  at  the  toj). 

Fig.  7  shows  an  old  waste  dump,  containing  something  like 
5000  cubic  yards  of  mixed  gob,  ore  and  dirt.  Some  of  the 
most  perfect  examples  of  malachite  were  found  in  the  process 
of  excavating  parts  of  this  dump.  The  garden  shown  in  the 
immediate  foreground  is  the  site  of  the  deposition  building 
shown  in  Fig.  6.  This  photograph  was  made  during  the  period 
of  construction  in  igoc-1901,  as  were  those  reproduced  in  other 
portions  of  this  article. 


ELECTROLYTIC  CORROSION  OF  IRON  AND  STEEL  IN 
CONCRETE. 

In  a  paper  read  at  the  two  hundred  and  fourteenth  meeting  of  the 
American  Institute  of  Electrical  Engineer.s  at  New  York.  March  i,  1907,  A. 
A.  Knudson  presented  the  results  of  research  he  had  carried  on  for  sev- 
eral years  to  ascertain  whether  concrete  will  afford  iron  and  steel  the  same 
protection  from  stray  currents  of  electricity  as  it  gives  against  ordinary 
corrosion  or  rust.  In  addition  to  the  labf)ratory  experiments  detailed  the 
author  of  the  paper  refers  to  two  practical  cases  of  the  recognition  of 
electrolytic  action  in  important  steel  structures.  The  first  of  these  is  the 
•bridge  over  the  Gowanus  Canal,  South  Brooklyn,  N.  Y.,  at  Hamilton 
avenue.  The  Bridge  Commissioner,  in  his  report  for  the  year  ending  June 
30,  1906,  said  that  the  ff)undation  walls  developed  some  rather  serious 
cracks  on  both  sides  of  the  canal,  with  a  movement  of  the  walls  toward 
the  center  of  the  canal. 

KI.KC  TKOLVTIf    ACTIO.N     0.\     P.KIDCE    STEEL. 

To  ascertain  the  electrical  conditions,  Mr.  Knudson  made  some  tests  at 
the  above  mentioned  bridge,  the  results  of  which  are  thus  stated: 

The  voltmeter  readings  show  the  steel  structure  to  be  positive  to  the 
canal,  positive  to  water  mains  in  the  street,  and  positive  to  the  trolley  rails 
on  the  bridge,  ranging  from  0.5  to  1.5  volts.  These  readings  were  taken 
when  the  car  traffic  was  light.  Some  of  the  cracks  on  the  concrete  had 
been  plastered  over,  but  others  were  quite  visible.  The  tests  indicate  that 
the  trolley  tracks  on  the  bridge  are  in  connection  with  the  steel  structure. 
1  csts  were  also  made  on  another  bridge  of  the  same  construction  a  little 
further  north  over  the  same  canal,  at  Ninth  street.  The  readings  here  were 
exactly  the  reverse  to  those  fouud  at  tiu'  Hamilon  avenue  bridge,  the 
structure  being  negative  to  canal,  water  mains  and  tracks.  There  were  no 
visil)le  cracks  in  the  concrete  of  eitlier  foundation.  .Mthough  the  cracks 
in  the  concrete  of  the  Hamilton  avenue  bridge  are  attributed  to  other 
causes  in  the  commissioner's  report,  we  believe  these  tests  and  observations 
point    strongly    to    electrolytic   action    from    trolley   currents    as    being    the 
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true  cause.  This  seems  to  us  the  more  reasonable  cause  of  these  cracks,  in 
view  of  the  results  of  our  laboratory  experiments.  Ordinary  care  would 
suggest  that  costly  structures  of  this  kind  should  be  periodically  inspected 
for  evidence  of  electrolytic  action  upon  the  interior  steel  work  especially  if 
located  contiguous  to  water,  or  in  the  vicinity  of  electric  railroads  or  rail- 
road power  stations,  as  in  the  case  just  cited.  Furthermore,  this  question 
should  be  carefully  considered  when  such  structures  are  planned,  tests  made 
at  locations  of  proposed  bridges  or  other  structures,  to  ascertain  the  elec- 
trical conditions  and  the  possibilities  of  injury  due  to  electrolysis  from 
stray  currents. 

PROTECTION    .AG.MXST    CORRO.SION    IN    BUILDINGS. 

The  paper  cites  the  "Times"  Building,  New  York,  as  a  conspicuous  in- 
stance of  care  to  prevent  destructive  action  of  electrical  currents.  One 
precaution  taken  there  was  the  thorough  waterproofing  and  draining  of 
retaining  walls,  this  being  carried  under  the  floor  of  the  press  room  occu- 
pying the  subbasement.  As  a  further  safeguard  all  the  steel  members  up  to 
the  street  level  were  encased  in  Portland  cement  mortar  to  the  minimum 
thickness  of  %  inch.  This  is  effectual  protection  against  rust  deterioration, 
and  is  believed  to  be  also  against  electroly'.'  disintegration.  As 
perfect  insulation  as  possible  is  also  provided,  there  being  sufficient  ground- 
ing to  relieve  any  electrical  tension  which  may  exist  in  any  part  of  the  steel 
frame  by  drawing  off  the  current  at  points  where  electrol  ic  action  cannot 
be  set  up. 

Accoinipanying  ■  the  paper  are  views  of  two  water  met'-'^5  the  under 
sides  of  which  were  practically  destroyed  by  electrolysis  while  i'l  service  in 
the  cellars  of  dwellings  in  a  city  distant  from  New  York.  These  cases, 
which  are  by  no  means  isolated,  illustrate  how  trolley  line  currents  will  fol- 
low a  service  pipe  for  a  considerable  distance  from  the  tracks,  enter  a 
building,  and  find  an  outlet  to  ground  on  the  dsmp  soil  of  a  cellar.  This 
furnishes  an  opportunity  for  current  to  pass  into  the  iron  foundations  of 
large  buildings  where  such  service  pipes,  either  water  or  gas  are  connected, 
as  the}^  usually  are,  to  the  framework  of  such  structures.  Mr.  Knudson 
has  discovered  many  similar  cases  of  current  straying  into  buildings  in 
different  cities  in  this  country.  Three  meters  were  found  destroyed  in  this 
way  in  different  sections  of  the  city  from  which  they  were  taken.  They 
were  from  one  to  two  miles  apart.  The  distance  from  the  tracks  oi  one 
was  300  feet,  and  of  another  675  feet.  All  the  meters  were  on  side  streets 
at  right  angles  to  the  car  tracks. 

CONCLUSIONS    x\ND    REMEDIES. 

The  conclusions  reached  by  the  paper  and  the  remedies  suggested  are 
thus  stated:  « 

Coatings  of  various  kinds  of  paint  or  varnishes  will  be  of  little  use  as  an 
insulation,  for  it  must  be  borne  in  mind  that  not  only  a  moisture  resistant  is 
required,  but  an  insulation  that  will  resist  continual  moisture,  and  also  that 
will  stand  the  pressure  of  great  weight.  From  laboratory  experiments  as 
well  as  observations  in  practice,  we  draw  the  following  conclusions: 
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1.  Steel  structures  are  well  preserved  from  ordinary  corrosion  by  con- 
crete if  placed  either  in  salt  or  fresh  water  This,  however,  has  long  been 
known. 

2.  If  but  a  small  fraction  of  an  ampere  of  electricity  passes  from  an 
interior  metallic  column  or  structure  into  concrete  or  masonry  as  usually 
made,,  there  will  be  corrosion  of  the  metal  and  disintegration  to  the  con- 
crete masonry. 

3.  Structvres  of  steel  in  concrete  that  are  subject  to  sea  water  are  in 
more  d?.i  .  <  x  from  electrolytic  action  than  those  in  fresh  water,  by  reason 
of  the  lower  resistance  of  concrete  in  the  sea  water  as  shown  by  the  labora- 
tory experiments. 

-:•  In  no  sense  can  concrete  be  considered  an  insulator,  and  it  is  from 
?li  .-^ppearances  just  as  good  an  electrolyte  as  any  of  the  soils  found  in  the 
tc  rth. 

"It  is  to  be  expected,"  says  Mr.,  Knudson,  "that  so  long  as  the  single 
trolley  with  its  grounded  return  is  in  general  use,  just  so  long  may  we 
look  for  electrolytic  action  in  some  form  upon  various  underground  struc- 
tures; and  reinforced  concrete  is  no  exception  to  the  rule.  It  is  not  at  all 
surprising  that  such  currents  are  busy  at  steel  work  of  bridge  anchorages. 
Whether  inclosed  in  concrete  or  masonry,  these  materials  are  no  protection 
froim  the  straying  railroad  current  when  the  conditions  are  favorable  for 
electrolytic  action.  In  view,  therefore,  of  the  items  here  presented  and  of 
the  enormous  use  to  which  concrete  and  hydraulic  cements  are  now  put, 
it  would  seem  that  this  question  should  receive  due  consideration  by  those 
who  have  to  do  with  planning  and  constructing  important  public  works 
and  buildings,  as  well  as  those  who  are  entrusted  with  the  care  and  safety 
of  such  structures." — Iron  Age. 


THE  AMENDED  FREE  ALCOHOL  LAW. 

In  the  last  week  of  the  recent  session  of  Congress  a  bill  was  passed 
amending  the  free  alcohol  law  which  went  into  force  January  i.  with  a  view 
to  decreasing  the  cost  of  producing,  denaturing  and  transporting  spirits 
intended  for  industrial  purposes.  It  is  the  opinion  of  those  most  familiar 
with  the  subject  that  the  passage  of  this  amendatory  measure  will  within  a 
short  time  reduce  the  cost  of  denatured  alcohol  to  the  consumer  by  at  least 
five  or  six  cents  per  gallon.  This  prospect,  considered  in  connection  with 
the  latest  cfuotation  on  denatured  alcohol  of  29  cents  per  gallon,  f.o.b.  Peo- 
ria, indicates  that  the  prediction  made  just  before  the  enactment  of  the 
original  law  that  the  price  would  be  down  to  25  cents  per  gallon  within  a 
year  will  be  more  than  verified.  The  amendatory  law  does  not  take  effect 
until  September  i,  but  in  the  meantime  regulations  for  its  enforcement  will 
have  been  promulgated  and  thoroughly  digested  by  producers  and  dealers, 
so  that  it  is  fair  to  assume  that  the  effect  of  the  changes  will  be  felt  in  all 
parts  of  the  country  before  the  end  of  the  current  year.  The  new  statute 
provides  as  follows: 

TEXT    OF    THE    NEW    L.\W. 

Be  it  enacted,  &c.,  That  notwithstanding  anything  contained  in  the  act 
Vol..  CLXIV.     No.  981  15 
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entitled  "An  act  for  the  withdrawal  from  bond,  tax  free,  of  domestic  alcohol 
when  rendered  unfit  for  beverage  or  liquid  medicinal  uses  by  mixture  with 
suitable  denaturing  materials,"  approved  June  7,  1906,  domestic  alcohol 
when  suitably  denatured  may  be  withdrawn  from  bond  without  the  pay- 
ment of  internal  revenue  tax  and  used  in  the  manufacture  of  ether  and 
chloroform  and  other  definite  chemical  substances  that  do  not  appear, in  the 
finished  product  as  alcohol;  provided,  that  rum  of  not  less  that  150  degrees 
proof  may  be  withdrawn  for  denaturation  only,  in  accordance  with  the  pro- 
visions of  said  act  of  June  7,  1906,  and  in  accordance  with  the  provisions  of 
this  act. 

Sec.  2.  That  the  Coimmissioner  of  Internal  Revenue,  with  the  approval 
of  the  Secretary  of  the  Treasury,  may  authorize  the  establishment  of  cen- 
tral denaturing  bonded  warehouses,  other  than  those  at  distilleries,  to  which 
alcohol  of  the  required  proof  may  be  transferred  from  distilleries  or  distil- 
lery bonded  warehouses  without  the  payment  of  internal  revenue  tax,  and  in 
which  such  alcohol  may  be  stored  and  denatured.  The  establishment,  op- 
■eration  and  custody  of  such  warehouses  shall  te  under  such  regulation  and 
lupon  the  execution  of  such  bonds  as  the  Comimssioner  of  Internal  Revenue, 
with  the  approval  of  the  Secretary  of  the  Treasury,  may  prescribe. 

Sec.  3:  That  alcohol  of  the  required  proof  may  be  drawn  oflf,  for  dena- 
turation only,  from  receiving  cisterns  in  the  cistern  room  of  any  distillery 
;for  transfer  by  pipes  direct  to  any  denaturing  bonded  warehouse  on  the  dis- 
•tillery  premises  or  to  closed  metal  storage  tanks  situated  in  the  distillery 
bonded  warehouse  or  from  such  storage  tanks  to  any  denaturing  bonded 
warehouse  on  the  distillery  premises,  and  denatured  alcohol  may  also  be 
transported  froim  the  denaturing  bonded  warehouse,  in  such  manner  and  by 
means  of  such  packages,  tanks  or  tank  cars,  and  on  the  execution  of  such 
bonds,  and  under  such  regulations  as  the  Commissioner  of  Internal.  Reve- 
nue, with  the  approval  of  the  Secretary  of  the  Treasury,  may  prescribe. 
And  further,  alcohol  to  be  denatured  may  be  withdrawn  without  the  pay- 
ment of  internal  revenue  tax  from  the  distillery  bonded  warehouse  for 
shipment  to  central  denaturing  plants  in  such  packages,  tanks  or  tank  cars, 
under  such  regulations  and  on  the  execution  of  such  bonds  as  may  be  pre- 
scribed by  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the 
Secretary  of  the  Treasury. 

Sec.  4.  That  at  all  distilleries  producing  alcohol  from  any  substance 
whatever,  for  denaturation  only,  and  having  a  daily  spirit-producing  capac- 
ity of  not  exceeding  100  proof  gallons,  the  use  of  cisterns  or  tanks  of  such 
size  and  construction  as  may  be  deemed  expedient  may  be  permitted  in  lieu 
of  distillery  bonded  warehouses,  and  the  production,  storage,  the  manner 
and  process  of  denaturing  of  such  alcohol,  and  the  operation  of  such  dis- 
tilleries shall  be  upon  the  execution  of  such  bonds  and  under  such  regula- 
tions as  the  Commisiosner  of  Internal  Revenue,  with  the  approval  of  the 
Secretary  of  the  Treasury,  may  prescribe,  and  such  distilleries  may  by  such 
regulations  be  exempted  from  such  provisions  of  the  existing  laws  relating 
to  distilleries  as  may  be  deemed  expedient  by  said  officials. 

Sec.  5.  That  the  provisions  of  this  act  shall  take  effect  on  Septem.- 
ber  I,  1907. 
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THE   EFFECT   OF   THE   CHANGE. 

Section  i  of  the  law  is  of  much  importance.  The  Commissioner  of  In- 
ternal Revenue  having  held  that  no  "liquid  medicinal  preparation" 
could  be  manufactured  with  the  use  of  denatured  alcohol  under  the  original 
law,  producers  of  smokeless  powder,  lacquers,  enamels,  &c.,  in  which  ether 
is 'used  as  a  solvent,  found  themselves  unable  to  secure  the  benefits  of  the 
free  alcohol  policy.  The  artificial  silk  industry,  for  the  establishment  of 
which  in  the  United  States  a  million-dollar  corporation  had  been  organized, 
was  also  denied  the  use  of  denatured  alcohol,  because  of  the  fact  that  it  is 
employed  therein  in  the  manufacture  of  ether,  which,  even  when  used  for 
mechanical  purposes,  was  held  by  the  Internal  Revenue  Bureau  to  be  barred 
as  a  "liquid  medicinal  preparation." 

The  provisions  of  Section  2  are  relied  upon  to  develop  the  industrial  use 
of  alcohol  to  a  degree  not  heretofore  contemplated.  It  will  permit  any 
manufacturer  to  establish  a  denaturing  bonded  warehouse  and  to  transport 
thereto  pure  grain  alcohol  for  his  own  use,  thus  saving  the  freight  on  the 
denaturing  materials  and  the  charge  made  by  the  distiller  for  the  denatur- 
ing process.  A  manufacturer  of  brass  goods,  for  example,  ^may  set  apart 
one  or  two  rooms  in  his  establishment,  transport  thereto  pure  alcohol,  de- 
nature it  and  use  it  in  the  manufacture  of  lacquers.  Compared  with  the 
present  cost  of  tax-paid  grain  spirits,  fusel  oil  and  other  solvents  for  this 
purpose,  it  is  estimated  that  the  saving  in  the  cost  of  lacquers  will  be  not 
less  than  50  per  cent,  and  probably  imore.  Hardware  manufacturers,  who 
use  enormous  quantities  of  enamels,  metal  varnishes,  paints,  &c.,  will  en- 
joy the  benefits  of  the  amended  law  in  a  similar  manner. 

The  general  consumer  of  denatured  alcohol  will  derive  the  greatest 
benefit  from  the  provisions  of  Section  3.  Under  the  original  alcohol  law 
the  pure  spirit  was  required  to  be  drawn  ofif  into  barrels  before  being  re- 
moved to  the  denaturing  warehouse,  a  tedious  and  expensive  process,  which 
is  obviated  by  Section  3,  which  permits  the  spirit  to  be  piped  from  one 
department  to  another,  there'by  saving  not  less  than  one-half  cent  a  gallon, 
according  to  the  estimates  of  the  experienced  distillers.  The  largest  sav- 
ing effected  under  this  section,  however,  will  grow  out  of  the  use  of  tank 
cars  for  transporting  both  pure  grain  spirits  in  bond  and  denatured  alcohol 
without  restriction.  On  this  point  the  Ways  and  Means  Committee,  after 
careful  investigation,  embodied  the  following  statement  in  their  report  upon 
the  bill  just  enacted: 

With  reference  to  the  economy  of  the  tank  car  system,  your  committee 
has  been  advised  that  the  railroads  make  no  charge  for  handling  empty 
tank  cars  back  to  the  point  of  shipment.  Their  practice  is  to  charge  the 
same  rate  of  freight  as  if  the  article  was  carried  in  barrels,  and  to  make  an 
allowance  for  mileage  both  coming  and  going.  The  charge  for  the  freight 
and  the  payment  of  the  mileage  are  two  distinct  transactions.  When  the 
article  is  shipped  in  barrels  the  weight  of  the  barrels  is  included  in  the 
freight  charges.  When  shipped  in  tank  cars  the  weight  of  the  tank  is  not 
included.  Where  empty  barrels  are  returned  to  the  point  of  shipment  the 
rate  of  freight  is  in  excess  of  the  rate  charged  for  the  weight  of  such  barrels 
when  shipped  to  consumer,  filled.     It  may,  therefore,  be  safely  stated  that 
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alcohol,  shipped  in  tank  cars  (since  the  barrels  add  at  least  three  cents  per 
gallon  to  the  cost)  will  reduce  the  cost  to  the  consumer  at  least  4  cents  per 
gallon. 

ESTABLISHMENT  OF  FARM  DISTILLERIES. 

Section  4  of  the  bill  was  enacted  to  permit  the  production  of  denatured 
alcohol  on  a  small  scale  under  conditions  similar  to  those  that  have 're- 
sulted in  the  establishment  of  nearly  8000  so-called  farm  distilleries  in 
Germany.  This  feature  of  the  bill  is  of  interest  from  several  different 
standpoints.  The  competition  of  the  farmer  in  the  manufacture  of  de- 
natured alcohol  will  undoubtedly  reduce  its  cost.  The  demand  for  small 
stills  will  build  up  an  industry  engaged  in  their  production  that  will  con- 
sume considerable  quantities  of  metal.  Perhaps  the  most  important  devel- 
opment will  be  the  increased  use  of  internal  combustion  engines  and  vari- 
ous types  of  small  power  agricultural  machinery. 

The  Commissioner  of  Internal  Revenue  will  immediately  begin  the 
preparation  of  an  elaborate  series  of  regulations  for  the  enforcement  of  the 
amended  law.  This  is  a  difficult  and  laborious  task,  as  it  will  involve  many 
changes  in  the  internal  revenue  practice,  even  under  the  original  alcohol 
law.  It  is  expected  that  the  new  regulations  will  be  promulgated  about 
July  I,  in  order  that  producers,  dealers  and  consumers  may  have  at  least 
two  months  to  become  thoroughly  familiar  therewith  before  the  amenda- 
tory statutes  go  into  force. — Iron  Age. 


Book  Not  ces 

Jahrbuch  fiir  das  Eisenhilttenwesen :  (Erganzung  zu  "Stahl  und  Eisen")-  Ein 
Bericht  iiber  die  Fortschritte  auf  alien  Gebieten  des  Eisenhiittenwesens 
im  Jahre,  1903.  Im  Auftrage  des  Vereins  deutscher  Eisenhiittenleute 
bearbeitet  von  Otto  Vogel.  4ter  Jahrgang.  464  pages,  illustrations, 
8vo.     DiJsseldorf,  A.  Bagel,  1906.     Price,  10  marks. 

This  work  contains  a  complete  review  of  the  iron  industry  during  the 
year.  We  find  an  extensive  bibliography  covering  all  the  branches  of  the 
iron  trade,  including  statistics  and  a  review  of  the  patent  literature. 

There  are  articles  on  fuels  and  firing,  on  slags  and  ores,  and  the  various 
kinds  of  iron;  there  is  much  information  on  the  working  of  the  metal  and 
its  properties.  Some  space  is  given  to  alloys  and  mixtures  of  iron  and  the 
work  closes  with  a  series  of  articles  on  the  testing  and  examination  of 
materials. 

The  index,  authors  and  subjects  in  two  parts,  is  very  full  and  accurate. 

Proceedings  of  the  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa, 
with  appendix.  May,  1902  to  June,  1903.  Vol.  3.  483  pages,  illustra- 
tions, plates,  8vo.  Johannesburg,  Transvaal,  published  by  the  Society. 
On  sale  at  the  office  of  the  Engineering  and  Mining  Journal  in  New 
York. 

A  great  amount  of  work  has  been  done  during  the  year  by  this  young 
society.    We  find  a  complete  record  of  all  the  papers  read  and  a  full  report 
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of  the  discussion  of  each.  The  addresses  cover  every  branch  of  mining  and 
metallurgy  and  go  quite  extensively  into  chemistry.  The  book  closes  with 
a  department  of  notices  and  abstracts  compiled  from  the  world's  peri- 
odicals. #1 
The  mining  engineer  will  find  the  volume  interesting  as  an  indication  of 
progress  in  England's  youngest  colony. 


Cyclopedia  of  Applied  Electricity:  A  practical  guide  for  electricians,  me- 
chanics, engineers,  students,  telegraph  and  telephone  operators,  and  all 
others  interested  in  electricity.  Prepared  by  a  corps  of  experts,  elec- 
trical engineers  and  designers.  Illustrated  with  over  two  thousand  en- 
gravings. 5  vols.,  4to.  Chicago,  American  School  of  Correspondence 
at  Armour  Institute  of  Technology,  1905. 

This  work  is  made  up  of  a  series  of  articles  written  by  well-known  ex- 
perts and  covering  the  entire  field  of  electricity.  Volume  I  contains  the  el- 
ements of  electricity,  a  chapter  on  the  electric  current,  articles  on  measure- 
ments and  wiring  and  the  telegraph.  Volume  II  is  devoted  to  dynamos, 
motors  and  storage  batteries.  Volume  III  contains  lengthy  articles  on 
electric  lighting,  railways  and  power  stations.  Volume  IV,  alternate  cur- 
rents and  power  transmission.  Volume  V  is  devoted  entirely  to  the  tele- 
phone. The  writers  and  collaborators  number  seventeen,  and  the  authori- 
ties consulted  twenty-seven.  The  work  will  appeal  chiefly  to  the  artisan 
who  is  devoting  his  spare  time  to  the  study  of  the  practical  side  of  electric- 
ity. 


L'liidustric   Olcicole   (Fabrication    de    I'Huile    d'Olive)    par   J.    Dugast.     176 
pages,  illustrations,  i2mo. 

Preparation  Mecanique  des  Minerais.     Resume  pratique  par  F.  Rigaud.     171 
pages,  illustrations,  i2mo. 

Lcs  Petits  Metaux.     Titane,  Tungstene,  Molybdene  par  a  Truchot,  189  pages, 
i2mo. 

Construction    des    Induits   a    Courant    Continu.    Partie    Mecanique    par    E.    J. 
Brunswick  et  M.  Alianiet,  173  pages,  illustrations,  i3mo. 

Construction  des  Induits  a  Courant  Continu.  Manuel    pratique  de  bobinier  par 
E.  J.  Brunswick  et  M.  Aliamet.     153  pages,  illustrations,  i2mo. 

Rivetage  par  M.  Fricker.     168  pages,  illustrations,   i2imo.,   Paris,  Gauthier- 
Nillars,  n.  d. 

The  above  volumes  are  the  latest  additions  to  the  well-known  series 
Encyclopedic  Scieiitifique  des  Aide — Memoire  issued  under  the  editorial 
direction  of  M.  Leaute.  The  books  are  uniform  with  previous  issues  and 
form  valuable  monographs  on  the  subjects  to  which  they  relate.  Tlie  price 
per  volume  is  two  francs,  50c.,  in  paper,  and  three  francs  in  cloth.         R. 


La  lonizzazione  c  La  Convecione  Elettrica  Xci  Gas.  By  Lavoro  Amadiozzi. 
36S  pages,  illustrations,  8vo.  Bologna.  Zanichelli,  n.  d.  (Attualita  Sci- 
entifiche,  No.  9.) 

In  a   letter  preserved   in  the   British    Museum,    Robert    Bowning   says: 
"I  never  pretended  to  ofTer  such  literature  as  should  be  a  substitute  for  a 
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cigar  or  game  at  dominoes  to  an  idle  man."  Tliere  are  some  scientific 
books  which  lead  one  to  think  that  the  authors  were  afraid  of  being  found 
guilty  of  having  written  an  interesting  volume.  The  author  of  the  above 
book  is  not  fearful  of  this  aspersion,  in  fact  in  his  preface  he  acknowledges 
that  he  desires  his  book  to  be  "plain  and  elementary."  This  commendable 
program  is  well  carried  out.  The  book  is  up  to  date.  It  treats  in  a  lucid 
manner  of  the  kathode,  the  canal  and  the  X  Rays.  The  treatment  of  the 
complicated  phenomena  which  manifest  themselves  when  a  current  is  sent 
through  rarefied  gases  seems  to  be  admirable.  The  matter  of  the  ionizatior» 
of  gases  comes  in  for  a  full  share  of  treatment.  The  Zeeman  Effer  and  the 
Doppler  effect  in  anode  rays  are  also  discussed. 

It  is  pleasant  to  note  that  the  workers  of  the  United  States  and  of 
Canada  are  frequently  quoted, — Rutherford,  McClung,  McClelland  and 
Zeleny,  though  how  would  it  be  possible  to  write  a  book  on  this  subject 
and  not  mention  them?  The  author  refers  modestly  to  his  own  work  on 
the   electric   spark. 

The  general  arrangement  of  the  book  is  excellent.  Each  section  has  a 
title  in  heavy  type  at  its  beginning.  The  figures  are  clear  and  do  not  suf- 
fer from  too  much  detail.  The  printer  has  done  his  part  well.  A  biblio- 
graphy of  154  numbers  is  a  valuable  addition. 

Just  a  few  words  of  criticism.  A  little  more  care  might  have  been  ex- 
ercised in  the  spelling  of  proper  nairies.  McClung  and  McClelland  appear 
as  MacClung  and  MacClelland.  C.  Barus  loses  his  identity  as  E.  Barus. 
Phil.  Trans  becomes  at  the  foot  of  page  360  Phis.  Trans.  These  are  but 
minor  blemishes  that  would  not  be  noticed  in  a  less  excellent  book,  but  the 
omission  of  a  comprehensive  index  is  a  defect  that  makes  the  book  far  less 
usable.     Let  us  hope  the  second  edition  will  have  a  worthy  index. 

The  author  is  to  be  congratulated  on  having  produced  an  excellent 
book  upon  one  of  the  living  themes  of  physics.  G.  F.  S. 


The  Steam  Engine  and  Other  Heat-Motors,  by  W.  H.  P.  Creighton,  U.  S.  N. 
(Retired).  First  edition,  first  thousand.  499  pages,  illustrations,  8vo. 
l\e\v  York,  John  Wiley  &  Sons,  1907.     Price  in  cloth,  $5.00. 

This  very  excellent  work  treats  the  elementary  principles  of  the  steam 
engine  and  other  heat  motors  and  the  various  forms  of  energy  in  a  clear, 
terse  and  comprehensive  way,  that  will  doubtless  interest  that  advanced 
class  of  students  for  whom  it  is  intended.  The  work  itself  is  a  valuable 
addition  to  extant  literature  upon  this  subject  and  should  be  cordially 
welcomed  by  all  those  interested  in  this  field  of  investigation  and  study. 

C.  E.  R. 


Hygromedry,  by  Henry  Emerson  Wetherill,  M.  D.  4th  ed.,  rev.  and  enl. 
82  pages,  illustrations,  oblong,  32mo.  Philadelphia,  published  and  illus- 
trated by  the  author,  1906.     Cloth,  price,  $2.50. 

Dr.  Wetherill  has  had  considerable  experience  as  a  medical  practitioner 
in  private  life  afid  a  surgeon  in  the  army.     In  connection  with  his  various 
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medical  duties  he  has  been  constantly  devising  new  instruments  to  assist 
the  physician  in  his  work. 

In  the  book  before  us  he  describes  in  detail  what  is  perhaps  his  most 
important  invention:  The  Hygromed,  an  instrument  for  the  measurement  of 
the  moisture  of  the  body.  In  the  supplementary  pages  we  find  brief  de- 
scriptions of  Dr.  Wetherill's  other  devices.  R. 


Augosto  Righi.  La  Moderna  Tcoria  del  Fenomcui  Fisici.  (Radioattivita, 
loni,  Elettroni)  Ed.  3,  considerably  enlarged.  290  pages,  illustrations. 
8vo.     Bologna,  Ditta  Nicola  Zanichelli,  1907.     Price,  paper,  5  lire. 

We  have  in  this  book  a  complete  review  in  simple,  lucid  style  of  the 
electron  theory,  its  many  applications  in  the  various  branches  of  physics 
and  the  readjustment  of  the  modern  ideas  to  conform  to  this  theory. 

The  whole  is  concluded  with  a  bibliography  containing  one  hundred  and 
ninety-nine  references. 

The  book  is  issued  in  good  style  as  No.  3  of  the  series  "Attualita  Scien- 
tifiche." 


Concrete  Factories.  An  illustrated  review  of  the  principles  of  construction  of 
reinforced  concrete  buildings,  including  reports  of  the  Sub-Committee 
on  Tests,  the  United  States  Geological  Survey  and  the  French  rules  on 
reinforced  concrete.  Compiled  by  Robert  W.  Lesley.  152  pages,  illus- 
trations, 8vo.  New  York,  published  for  the  Cement  Age  by  Bruce 
&  Banning,  n.  d.     Cloth,  price,  $1.00. 

There  is  already  a  number  of  books  on  reinforced  concrete,  but  the 
present  work  deals  more  especially  with  the  subject  of  factory  buildings. 
The  compiler  is  editor  of  the  Cement  Age,  and  is  thoroughly  familiar  with 
the  needs  of  the  modern  architect. 

The  work  contains  a  review  of  the  principles  underlying  reinforced  con- 
crete construction  in  clear  and  concise  language. 

There  are  reports  of  tests  of  various  government  committees  and  boards 
and  a  complete  text  of  the  French  rules  for  the  design  of  structures  in  re- 
inforced concrete. 

Nearly  all  the  cement  experts  have  contributed  articles,  making  the 
book  extremely  useful.  The  illustrations  are  appropriate  and  interesting. 
We  would  suggest  that  a  complete  index  be  included  in  the  next  edition, 
this  would  make  the  book  still  more  useful.  R. 


Notes  OH  Mechanical  Drazi'iiig,  prepared  for  the  use  of  students  in  mechanical 
drawing  at  the  University  of  Pennsylvania,  by  Horace  P.  Fry,  B.S.  in 
E.E.  55  pages,  illustrations,  8vo.  Philadelphia,  printed  for  the  Uni- 
versity, 1905. 

This  work  is  intended  as  a  hand-book  to  be  used  by  the  students  of  the 
University  in  connection  with  their  class  work.  It  is  not  an  exhaustive 
treatise  on  the  subject,  but  a  reference  book  containing  hints,  tables  and 
other  information  in  use  among  American  draughtsmen.  There  arc  al- 
ready many  treatises  and  hand-books  on  drawing,  but  this  latest  arrival  will 
undoubtedly  be  well  received  by  engineering  students.  R. 
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The  Steel  Square  as  a  Calculating  Machine,  being  simple  directions  for  using 
the  common  steel  square  for  the  solution  of  complicated  calculations  that 
■occur  in  the  everyday  work  of  carpenters,  builders,  lumber  dealers, 
plumbers,  gas  fitters,  engineers,  electricians,  tinsmiths,  blacksmiths, 
masons,  stone  cutters,  etc.,  with  numerous  illustrations,  by  Albert  Farr. 
81  pages,  illustrations,  i2mo.  New  York,  Industrial  Publication  Com- 
.pany,  1906.     Price,  50  cents. 

This  latest  work  on  the  slide  rule  is  intended  for  the  mechanic,  and  is 
written  in  simple  language  without  mechanical  terms.  It  describes  the 
use  of  the  square  for  the  solution  of  the  many  problems  which  present 
themselves  to  carpenters,  machinists  and  others  in  the  course  of  their 
work.  R. 


Untechnical  Addresses  on  Technical  Subjects,  by  James  Douglas,  LL.  D.     84 
pages,  i2mo.     New  York,  John  Wiley  &  Sons,  1904.     Price,  $1.00. 

Three  addresses  are  included  in  this  book,  the  first  on  "The  Character- 
istics and  Conditions  of  the  Technical  Progress  of  the  Nineteenth  Century." 
the  second  on  'The  Development  of  American  Mining  and  Metallurgy  and 
the  Equipment  of  a  Training  School;"  the  third  on  "Wastes  in  Mining  and 
Metallurgy." 

The  addresses  are  popular  in  character  and  make  interesting  read- 
ing. R. 


Fortschritte  in  der  Anzvendting  der  Rontgenstrahlen  von  Dip-Ing.  Dr.  phil. 
Josef  Rosenthal,  Miinchen.  31  pages,  illustrations,  8vo.  Miinchen,  J.  F. 
Lehmann's  Verlag,  1906.     Paper,  price,  1.20  mark. 

This  pamphlet  is  a  reprint  of  an  address  delivered  by  Dr.  Rosenthal 
before  the  Society  of  Natural  History  of  Munich.  It  is  a  resume  of  the  ten 
years'  work  with  the  Xrays  put  in  plain  words  to  meet  the  needs  of  the 
average  reader.  R. 


Aide-memoire  de  Photographic  pour  1903  public  sous  les  auspices  de  la  Societe 
Photographique  de  Toulouse  par  C.  Fabre.  28me  annee,  troisieme  serie, 
tome  VIII.  299  pages,  illustrations,  24mo.  Paris,  Gauthier-Villars,  n.  d., 
paper,  price,  1.75  franc. 

This  annual  contains  a  review  of  progress  in  the  various  branches  of 
photography.  The  contents  include  a  directory  of  the  photographic  socie- 
ties of  the  world,  a  list  of  patents  granted  in  France  during  the  year  relating 
to  photography,  many  exposure  tables,  formulae,  a  bibliography  and  much 
other  matter  of  value  and  interest  to  the  photographic  worker.  R. 
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The  Development  of  the  American  Locomotive. 

(Hciii^  the  rct^ort  of  the  Committee  on  Seieiice  and  the  Arts  on  the  Contribution  of 
the  lhihh\.'in  I.ocomotiz'c  Jlorks.  Sub-Conuuittec :  Charles  E.  Ronaldsini, 
Cliairinan;  T.  Carpenter  Smith.  Arthur  Falkenau,  Strickland  L. 
Kneass.) 


(No.  2405) 

The  I'^ranklin  Institute,  actint^-  thr«»iii^h  its  Committee  on  Sci- 
ence and  the  Arts,  investigatiuii^  the  "Development  of  the  Ameri- 
can Locomotive,"  as  exemi)litied  in  the  Baldwin  Locomotive 
Works,  of  Philadelphia,  reports  as  follows: 

The  most  strikin*,^  example  of  a  purely  Philadelphia  institution, 
in  winch  her  citizens  take  a  just  i)atriotic  pride  and  which  stands 
pre-eminently  ty])ical  of  careful  systematic  manai^ement  is  the 
venerable  and  justly  renowned  I'aldwin  Locomotive  Works. 

b^ounded  in  183 1.  in  an  extremely  modest  way.  they  have 
forged  ahead  (though  encountering  many  vicissitudes  and  set- 
l)acks )  tmtil  to-day  they  are  foremost,  commanding  the  respect 
and  admiration  of  the  world. 

l-'rom  their  first  locomotixe.  which  consumed  over  a  year  to 
complete,  they  are  to-day  tiUMiing  out  nearly  fifty-two  comi)leted 
engines  c\ery  week,  while  it  is  fair  to  ])resume  that  even  this 
Vol..  CLXIV'.     No.  9S2  16 
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great  number  may  increase  in  the  near  future.  Tho.  problems  of 
maintenance,  production  and  management,  intricate  and  per- 
plexing, have  all  been  satisfactorily  solved,  and  to-day  these  vast 
works  operate  systematically  and  smoothly  without  apparent 
friction  of  any  sort  whatever. 

During  the  seventy-five  years  and  over  of  their  existence,  they 
have  kept  abreast  of  the  rapidly  increasing  requirements  of  the 
railroads  throughout  the  civilized  world,  while  in  later  years 
when  the  demand  for  electrical  engines  developed  we  find  these 
works  turning  out  a  product  second  to  none ;  and  when  the  com- 
pound locomotive  came  into  vogue,  these  works  were  quick  to  take 
hold  of  and  produce  their  own  type  of  this  class  of  engine. 

In  the  process  of  evolution  from  the  first  crudely  constructed 
locomotive,  the  American  type  developed,  having  four  driving 
wheels  and  a  four-wheeled  truck ;  then  followed  the  ten-wheeler ; 
then  the  "Mogul,"  "Consolidation,"  "Mastodon,"  "Decapod," 
"Atlantic,"  "Mikado."  "Prairie,"  "Pacific,"  and  "Santa  Fe" 
types,  besides  a  great  variety  of  locomotives  of  different  gauges 
and  for  different  kinds  of  service,  representing  current  require- 
ments. 

The  Letters  Patent  owned  and  controlled  by  this  company  are 
"legion"  in  point  of  numbers,  so  that  it  is  imposisble  to  enumerate 
all  of  them,  the  Committee  confining  themselves  to  those  that 
were  esesntial  to  the  efficiency  of  the  American  Locomotive  as 
exemplified  to-day. 

A  distinguishing  feature  which  characterizezs  the  means  for 
securing  absolute  uniformity  of  the  essential  detail  parts  of  all 
locomotives  of  the  same  class,  is  the  use  of  standard  gauges  and 
templates,  which  has  resulted  in  the  formation  of  the  "Depart- 
ment of  Standard  Gauges,"  which  is  looked  after  by  a  special  fore- 
man and  an  adequate  force  of  skilled  workmen,  it  being  recog- 
nized many  years  ago  that  like  parts  of  similar  engines  should  be 
absolutely  uniform  and  interchangeable,  which  results  in  insuring 
to  the  purchaser  a  minimum  cost  for  repairs  and  rendering  possi- 
ble by  this  method  the  extraordinarily  increasing  output  of  these 
works.  This  department  contains  standard  gauges  and  tem- 
plates of  every  description  of  work  to  be  done.  The  original 
templates  are  kept  as  "Standards,"  and  are  never  used  upon  any 
work  itself,  and  from  them  exact  duplicates  are  made  and  used 
and  to  which  all  work  is  required  to  conform.     The  working 
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gauges  are  compared  to  the  "Standards"  at  regular  intervals, 
thus  maintaining  aljsolute  nniformit}'  for  every  possil)le  import- 
ant detail  of  construction. 

Matthias  \V.  Baldwin  was  horn  in  Elizaheth.  X.  [.,  on  De- 
cemher  10,  1795.  He  was  elected  Vice-President  of  the  Frank- 
lin Institute  in  1855.  He  learned  the  trade  of  a  jeweler,  and  was 
in  the  service  of  Fhtcher  &  Gardiner,  silversmiths  and  jewelers, 
until  ahout  18 19,  when  he  began  business  for  himself,  opening  a 
small  shop  upon  similar  lines.  In  1825  he  formed  a  partnership 
with  David  Mason,  a  machinest,  manufacturing  bookbinders' 
tools  and  cylinders  f(jr  calico  printing.  Their  business  pros- 
pered, steam  power  became  necessary ;  the  engine  tliey  bought 
proving  unsatisfactory,  Mr.  Baldwin  designed  and  built  an  en- 
gine suitable  to  their  requirements,  which  in  a  short  while  proved 
so  efficient  that  he  received  orders  for  additional  ones.  This 
original  "upright"  stationar}'  engine,  built  prior  to  1830,  is  still 
in  good  order  and  carefully  preserved  at  the  works.  Thus,  Mr. 
Baldwin  became  interested  in  the  manufacture  of  stationary  en- 
gines. Steam  as  a  motive  power  on  railroads  engaged  the  at- 
tention of  American  engineers  in  1829-30;  a  few  locomotives 
having  been  imported  from  England,  and  one  was  built  at  the 
West  Point  Foundry,  in  New  York.  In  183 1,  Mr.  Baldwin  c<jm- 
pleted  a  miniature  locomotive,  for  Mr.  Franklin  Peale,  for  ex- 
hibition in  his  museum.  The  success  of  the  model  was  such  tlrat 
Mr.  Baldwin  received  his  first  order  for  a  locomotive  from  the 
Philadelphia,  Germantown  &  Xorristown  Railroad  Co.  In  those 
early  days  it  was  almost  a  superhuman  task  to  undertake  such  a 
work.  Mechanics  were  very  few ;  suitable  tools  could  hardly  be 
obtained,  cylinders  had  to  be  bored  with  a  chisel  fastened  in  a 
block  of  wood,  while  blacksmiths  who  could  weld  bars  of  iron 
exceeding  i^  inches  scpiare  were  exceedingly  few,  or  not  to  be 
had.  Therefore,  Mr.  Baldwin  had  to  do  most  of  the  work  him- 
self in  order  to  educate  the  men  who  assisted  him  to  fashion  the 
necessary  tools  for  the  various  processes.  The  work  was  prose- 
(juted  notwithstanding  and  the  locomotive  completed  and  tried 
on  N(5vember  2t^,  1832.  This  was  the  famous  "Old  Ironsides." 
Thirty  men  were  employed  at  this  time. 

In  the  second  l(3comotive  built  the  valve  motion  was  actuated 
by  a  fixed  eccentric  for  each  cylin<Ier,  the  straps  of  each  had  two 
arms  attached,  one  above.  <)iie  below,  the  driving  axle  being  back 
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of  the  fire-box,  these  arms  were  prolonged  Ijackwards  under  the 
footboard,  with  a  hook  upon  the  inner  side  of  the  end  of  each ; 
the  rock-shaft  had  arms  above  and  below  its  axis  and  the  hooks 
of  the  two  rods  were  moved  by  hand-levers,  to  engage  with  either 
arm,  thus  producing  forward  or  the  reverse  motion.  In  1834, 
five  locomotives  were  completed,  and  the  shop  becoming  too 
small  for  the  increasing  business,  a  new  shop  was  erected  at 
Broad  and  Hamilton  Streets,  and  the  business  removed  to  it  in 
1835.  The  important  devices  adopted  and  employed  in  these 
early  engines,  being  the  result  of  Mr.  Baldwin's  study  and  ex- 
periments, were  patented  in  1834,  and  the  same  patent  covering 
the  following  inventions,  viz. : 

1.  The  Half  Crank. 

2.  New  Method  of  Constructing  Wheels  for  Locomotives  and 
Cars. 

3.  New  Mode  of  Forming  Joints  of  Steam  and  other  Tubes. 

4.  New  Mode  of  Forming  Joints  and  other  parts  of  the  Sup- 
ply Pumps  and  of  Locating  the  Pump  Itself. 

This  last  claim  consisted  in  utilizing  the  hollow  guide  bar  and 
making  it  do  duty  as  the  pump-barrel,  the  plunger  of  which  was 
attached  to  the  piston  rod.  Mr.  Baldwin  laid  great  stress  upon 
the  position  of  the  driving  wheels  by  placing  them  back  of  the 
fire  box ;  thus  throwing  one-half  the  weight  upon  them  and  one- 
half  upon  the  four-wheeled  truck,  thus  extending  the  wdaeel  base 
and  producing  steadiness  and  less  track  damage. 

The  application  of  ground  steam  joints  in  the  steam  pipes 
added  greatly  to  the  success  of  his  early  engines,  and  this  manner 
of  grinding  the  joints  is  now  universally  used.  In  1839.  ]Mr. 
Baldwin  bought  the  E.  L.  Miller  patent.  th;s  being  a  method  of 
increasing  the  adhesion  of  the  locomotive  by  throwing  the 
weight  of  a  part  of  the  tender  upon  the  rear  of  the  engine. 

In  the  early  part  of  1835,  the  new  Broad  Street  shop  was 
completed  and  occupied.  On  April  3,  1835,  Mr.  Baldwin  took 
out  a  patent  for  certain  improvements  in  the  wheels  and  tubes  of 
locomotives.  That  for  the  wheel  related  to  casting  the  hub  and 
spokes  together  and  having  the  spokes  terminate  in  segments 
of  a  rim.  The  improvements  in  tubes  consisted  in  driving  a 
copper  ferrule  or  thimble  upon  the  outside  end  of  the  tube. 
The  object  was  to  make  a  tight  joint  with  the  tube  sheet 
and  the  advantage  gained  by  the  outside  ferrule  strengthened  the 
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tul)e  and  made  a  tight  joint  witU  the  sheet.  It  left  the  tube  free 
and  unobstructed  its  entire  length.  This  patent  proved  ex- 
tremely valuable,  and  the  method  is  now  generally  used. 

In  this  year  the  first  outside-connected  locomotive  was  built, 
and  it  embodied  the  ^Miller  device  and  was  put  in  service  upon  the 
Philadelphia  &  Trenton  Railroad. 

In    1835,    14  engines  were  constructed.  •■  .' ' 

*'     1836.  40 

"      1838.    27, 

"       1839,    26  "  "  "  ' 

"      1840.       9 

and  300  men  were  employed. 

Ihe  a\erage  weight  (jf  these  locomotives  was  between  20.000 
and  26.000  pounds.  The  numlier  of  men  employed  was  300, 
yet  this  force  was  reduced  weekly,  the  demand  for' engines  rap- 
idly falling  ofif  in  1838,  as  will  be  seen  from  *he  above  table  of 
annual  i^roduction. 

In  the  latter  part  of  1839,  the  old  wooden  frame' disappeared, 
the  machinery  truck  and  pedestfils  of  the  driving  boxes  were  at- 
tached to  an  iron  frame  which  took  its  place,  and,  we  find  that 
eight-wheel  tenders  were  first  being  used  about  this  time. 

In  1842,  ^Ir.  Baldwin  secured  a  patent  for^lhis  flexible  truck, 
whicli  cnntriljuted  more  than  any  of  his  subsec|iient  patents  or  in- 
ventions to  the  foundation  of  his  fortune,  and  led  to  the  con- 
struction  of  his  well-known  six-wheel  connecte(l  locomotive, 
which  had  the  four  front  drivers  combined  in'a^flexible  truck; 
the  rear  wheels  were  rigidly  placed  in  the  frame,  bthind  the  fire 
box,  with  inside  bearings.  The  action  of  the  fiexiole  beam  'was 
such  that  the  engine  in  i)assing  a  curve  the  middle  pair  of  driyers 
could  move  laterally  in  one  direction,  say  to  ibe  right,  while,  the 
front  pair  would  swing  in  the  opposite  direction,  or,  to  the  -left, 
the  two  axles  remaining  parallel  to  each  other  antl  to  the  rear 
driving  axle.  The  operation  resembled  that  of  a  parallel  ruler; 
on  a  tangent  the  axles  and  l)eams  formed  a  rectangl'e,  on  a  curve, 
a  parallelogram.  \A'e  call  attention  to  this  flexible^  truck  patent, 
as  it  was  fundamental  to  the  future  development  and  perfection 
of  the  Baldwin  locomotive. 
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In   1842,    14  locomotives  were  constructed. 
"     1843,    I-' 
"     1844,  22 

-    1845,  -V 
"    1846,  42 

"  1847,  39 

"  1848,  20 

"  1849,  30 

"  185a  2>7 

"  1851,  50 

"  1852,  49 

"  1853,  60 

"  1854,  62 

and  500  men  were  employed. 

The  performance  of  the  first  locomotive  using  the  flexible  truck 
excited  widespread  interest.  The  weight  of  the  engine  was  but 
twelve  tons,  its  haul  was  250  tons,  upon  a  grade  of  thirty-six  feet 
per  mile. 

In  1842,  the  method  was  used  of  giving  to  each  type  of  loco- 
motive a  distinct  classification,  composed  of  a  number  and  a  let- 
ter, besides  systematizing  many  details  in  their  management  of 
the  business. 

Mr.  Baldwin  first  used  iron  flues  or  tubes  in  1844,  and  the  ad- 
vantage found  was  in  the  fact  that  the  iron  flue  sheets  and 
iron  tubes  expanded  alike,  while  the  unequal  expansion  of 
iron  sheets  and  copper  flues  caused  leakage.  Link  motion  was 
first  applied  in  1845,  ^'^'^^  ^^^o  the  "half  stroke  cut  off."  The 
present  design  of  four  drivers  and  a  four-wheeled  truck  was  first 
adopted  by  Mr.  Baldwin  in  1845.  I"  1846.  an  eight-wheel  con- 
nected type  of  engine  was  built,  and  at  this  time  the  wooden  cab 
with  sash  and  glass  was  added,  and  made  for  the  Baltimore  &  Ohio 
Railroad.  In  1847,  rocking  grate  bars  were  introduced,  and  the 
first  "rack"  locomotive  was  built.  In  1848.  steel  axles  were  first 
used.  Fast-speed  passenger  locomotives  were  able  to  travel 
sixty  miles  an  hour.  In  1849,  outside-connected  engines  were 
built  almost  exclusively.  In  1850,  the  wagon-top  boiler  super- 
ceded the  old  dome  boiler,  which  had  been  in  use  since  1834. 

In  1852,  the  ten-wheel  engine  was  placed  in  the  Baldwin  clas- 
sification, yet  not  until  i860  did  this  type  of  engine  wholly  super- 
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sede  the  old  pattern  of  six-or  eight-wheel  connected.  In  this 
year.  Mr.  Haldwin  patented  his  "variable  cut  ofif,"  which  device 
never  came  into  general  use.  Link  motion,  howe\'er,  was  gener- 
al!}' introduced  at  this  time  and  rapidly  gained  in  favor,  and  in 
1857.  it  was  adoi)ted  e\clusi\'ely.  Fire  brick  arches  in  the 
fire  box  were  used  and  adopted  about  this  time,  supported  on 
side  plugs.  In  1858,  water  pipes  extending  obliquely  from  the 
crown  down  and  curving  to  the  sides  of  the  fire  box  at  the  bot- 
tom were  used. 

The  adoption  of  the  link-motion  clearly  marks  the  dividing 
line  between  the  early  experimental  and  the  present  locomotive 
practice.  Changes  since  then  have  been  made,  but  in  detail 
principally,  yet  it  has  been  in  the  perfection  of  these  details  that 
we  have  |;o-day  the  efficient,  symmetrical,  complete  piece  of  mech- 
anism which  stands  out  as  one  of  the  greatest  trioutes  to  the  in- 
genuity of  man.  To-day,  one  can  hardly  realize  the  almost  in- 
surmountable difficulties  which  have  been  overcoiiie  to  bring  the 
locomoti\'e  to  its  high  efficiency,  and  in  perfecting  all  this  the 
Baldwin  Locomotive  Works  has  had  no  small  shaie  in  its  success. 

In  1855,  47  en.gines  were  completed. 

"  ^856,  59    I 

"•  1857.  66    "    "     "         • 

"  1858,  33 

"  1859,  70 

"  i860,  83    "    "     "  I       .   ' 

and  430  men  were  employed. 

The  greater  number  of  these  locomotives  were  bf  the  ordinary 
American  type,  four  drivers,  four-wheeled  trutk,  varying  in 
weight  from  fifteen  to  twenty-se\en  tons.  A  few  len-wheeled  en- 
gines were  built,  the  remainder  being  the  flexible  truck  with 
six  and  eight-wheels  connected.  The  demand^  .for  these  was 
rapidly  falling  oft",  the  ten-wheeled  and  heavy  tiour-wheel  con- 
nected and  four-wheeled  truck  engines  were  taking  their  place, 
and  by  1859,  they  ceased  to  be  built,  save  in  exceptional  cases  for 
export.  Intense  interest  was  taken  at  this  tim^  in  the  proper 
means  to  be  employed  in  combustion.  Various  experiments  were 
tried  in  the  fire  boxes.  The  result  of  study  andj'experiment  led 
]Mr.  Baldwin  to  the  conclusion  that  the  ordinary 'form  of  boiler, 
with  plain  fire  box.  was  right,  with,  perhaps,  the  addition  of  the 
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fire  brick  arch ;  that  the  secret  of  successful  and  economical  use 
of  coal  was  in  the  manner  of  firing,  rather  than  in  any  particular 
design  of  fire  box. 

The  breaking  out  of  the  Civil  War  unsettled  trade,  and  a  nota- 
ble falling  off  in  building  occurred. 

In  1 86 1,  40  locomotives  were  built. 

"  1862,     75  "  "       " 

"  1863.     96  "  "       " 

"  1864.  130  "  "       " 

"  1865.  115  "  "       " 

In  1861,  eighteen-inch  cylinder  freight  locomotives  with  six 
wheels  connected,  with  a  pony-truck  were  built.  This  is  the  first 
instance  of  the  use  of  the  "Pony"  truck  in  these  works. 

The  introduction  of  steel  in  locomotive  construction  became  a 
distinguishing  feature  at  this  time,  and  steel  has  gradually  re- 
placed wrought  iron,  etc.,  for  tires,  fire-boxes,  and  boilers.  An- 
other distinguishing  feature  at  this  time  was  placing  the  cylinders 
hori.-^ontal.  Casting  the  cylinder  and  the  half  saddle  in  one  piece, 
and  fitting  it  to  the  circular  smoke-box  was  designed  by  Mr.  Bald- 
win. He  was  the  first  builder  to  adopt  an  outside  cylinder,  with  a 
circular  flanged  segment  cast  to  it,  in  order  to  be  bolted  to  the 
boiler.  The  advantages  of  this  arrangement  are  simplicity, 
strength  and  economy.  The  cylinders  can  be  used  for  rights  and 
lefts,  one  pattern  answers  for  either.  From  high  inclination 
the  C3dinders  were  gradually  brought  to  less  until  the  horizontal 
position  was  attained  and  maintains  to-day. 

In  1866,   118  locomotives  were  built. 

"  1867,   127 

"  1868,   124 

"  1869,  235 

"  1870,  280 

"  1871,  331 

In  1866,  the  "Consolidation"  type  came  into  use,  the  first  en- 
gine being  the  "Consolidation,"  built  for  the  Lehigh  Valley 
Railroad  Company.  It  had  four  pairs  of  drivers  connected  and 
a  Bissell-Pony  Truck.  The  following  year  (1867)  the  "Mogul" 
class  of  engine,  with  three  pairs  of  drivers  connected  and  a 
swinging  pony-truck  took  its  rise  in  the  practice  of  these  works 
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from  the  "E.  A.  Douglas, "  Ijiiilt  for  the  Thomas  Iron  Company, 
and  tills  plan  of  engine  has  rapidh'  grcnvn  in  favor  for  freight 
duty  upon  grades  and  \\ here  hea\y  loads  are  to  he  carried. 

Steel  flues  were  first  used  in  ten-wheel  freight  engines  in  1868, 
and  also  steel  hoilers  the  same  year.  The  1854  type  of  engine 
having  a  straight  hoiler  and  two  domes  was  revived  in  1866,  and 
until  1880  hoth  tlie  straight  and  wagon  top  boilers  were  built; 
yet  since  1880  the  two  domes  ha\'e  been  sel^lom  specified.  The 
first  narrow  gauge  locomotive  (3^"ft.  )  was  built  in  1868.  The 
decade  1870-1880  witnessed  the  introduction  of  several  improve- 
ments. 1  In  June,  1871,  a  double-ender  locomotive  was  designed 
for  suburban  service  on  the  Central  Railroad  of  New  Jersey. 
This  was  the  first  engine  to  have  a  truck  with  side  bearings. 
These  were  used  on  the  rear  truck,  which  had  four  wheels. 

In  1878,  a  locomotive  driver  brake,  operated  by  steam,  was  in- 
troduced by  fhesc  works.  Idiis  brake  was  operated  by  a  slide 
valve,  which  was  replaced  in  iSSa^fby  an  improved  form  of  disc 
valve.  When  required  the  brake  was' arranged  for  application  to 
tender  as  well  as  driving-wheels.  The  equalized  tender  brake 
on  both  trucks  was  first  used  in  1872,  by  the  Baldwin  Locomotive 
Works.     Locomotives  for  single-rail  lines  were  built  in  1878-79. 

A  locomotive  for  a  gold  mine  in  California  was  built  in  1876, 
the  gauge  being  but  twenty  inches.  Steel  tires  were  first  shrunk 
on  without  being  secured  by  bolts  or  rivets  in  any  form  in  1870, 
and  now  this  is  the  prevailing  custom. 

In   1872.  422  locomotives  were  built. 

"    1873,  437  "  "         '^ 

''  1874,  162 
"  1875,  130 
**    1876,  22,2 

and  nearly  3,000  men  employed. 

A  small  locomotive  operated  by  compressed  air  was  built  in 
1875.  During  the  year  1876,  a  new  departure  in  locomotive  en- 
gineering in  these  works  took  place — an  experimental  steam 
street  car  was  built,  which,  proving  in  a  great  massure  a  success, 
the  next  step  was  the  construction  of  a  "Motor"  car,  to  wdiich  one 
or  more  ordinary  cars  could  be  attached.      Steel  fire  boxes  with 
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vertical  corrugations  in  the  side  sheets  were  first  made  by  these 
works  in  1876. 

In  1885.  the  "J)ecapod"  locomotive  was  built,  having  ten- 
wheels  connected,  with  a  "Pony"  truck.  A  locomotive  was 
constructed  during  the  vear  1886,  having  an  outside  frame. 
In  1887,  a  new  form  of  boiler  was  built.  An  extended  wagon- 
top  was  used,  extending,  to  allow  the  dome  to  be  placed  in 
front  of  the  fire-box,  near  the  center  of  the  boiler  having  the 
crown  sheet  sup])orted  by  radial  stays  from  the  outside  shell. 
Many  boilers  of  this  type  have  since  been  consructed.  These 
works  have  also  taken  an  active  part  in  the  development  of  the 
'A\^ootten"  boiler,  in  its  original  and  modified  forms.  They 
were  the  first  to  place  the  grate  above  the  frames  and  thus  use  all 
the  space  between  the  wheels  for  the  width  of  the  fire-box.  The 
first  locomotive  for  Japan  was  shipped  in  June,  1887. 

During  1888-89,  an  active  demand  sprung  up  for  steam  mo- 
tors for  street  railway  service,  and  ninety-five  of  them  were  built ; 
also,  two  rack-rail  locomotives  of  the  "Riggenbach"  system  for 
foreign  locomotive  service  were  built. 

In  October,  1889,  the  first  compound  locomotive  was  com- 
pleted. It  was  the  four-cylinder  type  designed  and  patented  by 
Mr.  S.  ]\I.  Vauclain,  then  the  general  superintendent  of  the 
works.  That  they  came  rapidly  into  use  is  evidenced  by  the  fact 
that  in  the  year  1889  one  was  built. 

In  1890,        3  were  built. 

"  1891,  82      " 

'•  1892,  213      " 

"  1893,  160      "       " 

"  1894.  30      "       " 

'*  1895-     51  "■  " 

"  1896.   173  "  " 

"  1897,     86  "  " 

"  1898,  235  "  " 

"  1899,  241  "  " 

Records  show  that  the  first  cast-steel  driving  wheel  centers 
were  used  in  France  in  the  year  1890.  The  Baldwin  Locomotive 
Works  began  their  use  in  1891,  and  thus  early  availed  them- 
selves of  this  improvement. 

In  1889,  a  test  was  made  to  see  in  how  short  a  time  a  locomo- 
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tive  could  be  l)uilt.  The  order  was  given  njx)!!  June  J2nd,  for  a 
narrow  gauge  locomotive,  "American"  type,  for  passenger  serv- 
ice and  upon  July  2nd  it  was  completed,  having  consumed  but 
eight  working  days  from  the  raw  material. 

In  this  year,  the  manufacture  of  wrought  iron  wheel  centers 
for  both  truck  and  driving  wheels  was  begun,  under  patents  of 
Mr.  Vauclain. 

In  i8go,  the  first  rack-rail  locomotive  under  the  "Abt"  system 
was  constructed  for  the  Pike's  Peak  Railroad  Company,  and  dur- 
ing this  year  and  1893,  f^^^i"  locomotives  of  this  type  were  built 
for  this  road,  the  grades  varying  from  8  to  25%. 

Three  "Mogul"  type  locomotives  of  one  metre  gauge  w^ere  built 
and  shipped  to  Palestine  in  1890. 

In  1 89 1,  the  largest  locomotives  in  the  history  of  the  works 
were  designed  and  built  for  service  in  the  tunnel  under  the  St. 
Clair  River,  of  the  Grand  Trunk  Railway.  They  were  ten-w  heel 
connected  with  tanks  on  the  boiler  and  weighed  each,  in  work- 
ing order,  without  fire,  186,800  lbs.  Five  compound  locomotives 
of  the  "Decapod"  pattern  were  built  for  the  Erie  Railroad. 

The  first  locomotives  for  Africa  they  built  this  year.  They 
were  of  the  "Mogul"  type,  for  3  ft.  6  in.  gauge. 

In  1892,  we  find  731,  and  in  1893,  77-  engines  were  con- 
structed. Two  rack-rail  locomotives  were  built  for  a  mountain 
road  in  Italy  and  twenty-five  compound  "Forney"  locomotives 
for  the  South  Side  Elevated  Railroad  of  Chicago.  At  the  Colum- 
bian Exposition  were  exhibited  seventeen  locomotives,  the  pro- 
duct of  the  works,  illustrating  the  various  types  of  both  "stand- 
ard" and  "narrow"  gauge  locomotives. 

In  1892,  a  new  design  of  high  speed  locomotive  was  produced 
by  these  works.  This  was  the  "Columbia"  type,  which  had  a 
two-wheeled  leading  truck,  two  pairs  of  driving  wheels  and  a 
single  pair  of  trailing  wheels.  A  limited  number  of  this  type  of 
engine  was  built  for  passenger  service. 

The  depression  in  general  business  which  set  in  in  the  summer 
of  1893  ^''^d  ^  serious  effect  upon  these  w'orks,  and  we  find  the 
number  of  engines  completed  in  1894  was  313.  In  1895,  ^  "^^' 
type  of  passenger  locomotive  was  brought  out.  To  this  the 
name  "Atlantic"  type  was  given.  Its  advantages  are  a  large 
fire-box  and  boiler,  enabling  high  speeds. 

The  first  electric  locomotive  was  built  this  vear  for  the  North 
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American  Company.  Two  other  "Aline"  electric  locomotives 
were  Imilt  in  1896  in  cooperation  with  the  W'estinghouse  Electric 
and  ManufactmMng-  C«)rnpany,  they  supplying  the  electrical  parts. 

A  high-speed  passenger  locomotive  was  built  for  the  Reading 
Railroad,  having  a  single  pair  of  drivers  84^  inches  in  diameter. 
This  engine  and  a  duplicate  built  in  1896  were  regularly  used  in 
hauling  trains  between  Philadelphia  and  Jersey  City,  this  distance 
being  ninety  miles.  They  accomplished  this  in  105  minutes, 
making  six  stops.  A  combination  rack  and  adhesion  locomo- 
tive was  built  for  service  in  San  Domingo.  It  was  of  the  com- 
pound type,  having  the  compound  cylinders  to  operate  two  pairs 
of  connected  adhesion  wdieels  and  a  pair  of  single  expansion  cyl- 
inders to  operate  a  single  rack-wheel,  constructed  upon  the  "Abt" 
system.  This  engine  was  furnished  with  two  complete  sets  of 
machinery,  entirely  independent  of  each  other,  and  was  built 
eventually  to  remove  the  rack  attachments  and  to  operate  by  ad- 
hesion solely.  During  this  year  and  in  1896,  138  locomotives  of 
the  four-cylinder  compound  type  were  sent  to  Russia. 

In  1896,  two  combination  rack  and  adhesion  locomotives  were 
sent  to  Mexico,  having  compound  cylinders  connected  to  the  driv- 
ing wheels  through  walking  beams.  Tw'O  pairs  of  wheels  are 
secured  to  the  axles  by  clutches  and  act  as  adhesion  driving 
wheels  and  the  rear  wdieels  are  loose  on  the  axle  and  act  only  as 
carrying  wheels.  All  three-coupled  axles  carry  rack  pinion  of 
the  "Abt"  system. 

Six  ten-wheel  locomotives  were  built  for  the  Baltimore  & 
Ohio  Railroad  for  express  passenger  service,  and  have  been  oper- 
ated with  great  efficiency. 

In  1897,  the  Reading  Railroad  placed  a  fast  express  train  in 
service  between  Camden  and  Atlantic  City,  X.  J.,  55^  miles,  al- 
lowing 52  minutes  for  the  run,  equivalent  to  a  speed  of  sixty-four 
miles  per  hour.  The  railroad  records  show  that  for  fifty-two 
days,  July  2nd  to  August  31st,  1897,  the  average  time  consumed 
was  but  forty-eight  minutes,  or  a  speed  of  sixty-nine  miles  per 
hour  and  once  the  train  covered  the  distance  in  46^  minutes  or 
71  Y^-Q  miles  per  hour.  These  engines  were  of  the  "Atlantic"  type, 
Vauclain  Compound. 

A  new  form  of  steam  dome  was  patented  and  introduced  in 
1897.  The  dome  base,  or  flange,  was  made  of  pressed  steel,  as 
was  also  the  ring  or  top.     The  upper  edge  of  the  flange  was  in 
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one  horizontal  plane,  so  that  the  body,  which  was  of  boiler  plate, 
was  of  uniform  width  throughout.  The  body  was  seamless, 
having  a  lap-welded  joint.  The  interior  of  the  flange  was  bored 
out  to  fit  the  body,  which  was  shrunk  over  the  ring,  or  top  piece. 
The  flange  was  radially  planed  to  fit  the  boiler  shell.  This  form 
of  steam  dome  construction  is  universally  used  not  only  at  the 
Baldwin  Locomotive  Works  but  in  many  other  parts  of  the 
world.  With  the  introduction  of  this  form  of  steam  dome,  the 
practice  was  begun,  at  these  works,  of  welding  the  longitudinal 
seam  on  the  dome  course.  The  seam  was  located  on  the  top 
center  line  and  was  welded  throughout  its  length  on  each  side  of 
the  opening.  This  practice  has  become  general  on  large  boilers. 
A  liner  is  frequently  placed  on  the  inside  of  the  shell,  to  strengthen 
the  joint. 

In  1898,  a  "Consolidation"  Vauclain  Compound  locomotive 
was  placed  in  service  upon  the  mountains  between  Coxton  and 
Fairview,  upon  the  Lehigh  Valley  Railroad.  It  was  guaranteed 
to  haul  a  load  of  1000  net  tons  (exclusive  of  the  weight  of  the 
engine  and  tender)  upon  a  grade  of  sixty-six  feet  to  the  mile.  It 
was  so  successful  in  the  test  that  fourteen  additional  locomotives 
were  subsequently  ordered  by  this  company. 

In  1899.  two  "Atlantic"  type  Vauclain  Compound  locomotives 
were  built  for  the  Burlington  Railroad,  for  fast  mail  service  west 
of  Chicago. 

During  this  year  there  was  a  large  increase  in  foreign  business, 
including  thirty  locomotives  for  "Midland"  and  twenty  for  the 
"Great  Northern"  and  twenty  for  "Great  Central  Railways  of 
England,"  ten  locomotives  were  ordered  by  the  "French  State" 
and  ten  by  the  Bone  Guelma  Railways,  in  the  French  Colonies  of 
Algiers.  Also,  two  Vauclain  "Consolidation"  freight  locomo- 
ti^'es  for  the  Bavarian  State  Railways;  and  in  1900,  this  com- 
pany ordered  two  passenger  engines  of  the  compound  "Atlantic" 
type  and  embody  in  their  passenger  rolling  stock  the  new  features 
contained  in  these  machines. 

During  1900,  these  works  exhibited  at  the  Paris  Exposition  a 
"Goods"  locomotive,  "Mogul"  type,  for  the  Great  Northern  Rail- 
way of  England;  an  "Atlantic"  type  pasenger  locomotive  for  the 
French  State  Railways;  also  a  compound  "American"  type  pas- 
senger locomotive  for  this  same  road.  These  engines  were  built 
in  the  regular  course  of  lousiness  for  their  respective  companies 
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and  were  put  into  service  immediately  after  the  close  of  the  exhi- 
bition. The  company  filled  large  orders  this  year  for  the  Chinese 
Eastern  Railroad,  the  Paris-Orleans  Railroad ;  the  Finland 
State;  the  Egyptian  State,  and  the  Belgian  State  Railroads. 

The  incoming  of  the  twentieth  century  witnessed  an  industrial 
"boom,"  and  general  prosperity  throughout  America,  and  in  con- 
sequence entailed  extraordinary  demands  for  freight  transporta- 
tion. Cars  were  designed  and  built  to  carry  heavier  loads,  re- 
sulting in  improved  road  beds,  heavier  rails,  stronger  bridges, 
and  more  powerful  locomotives.  The  demand  for  increased 
horsepower,  involving  greater  steaming  capacity  and  a  larger 
grate  area  evolved  the  "Atlantic"  type  locomotive  from  the 
"American"  type  or  eight-wheeled  pasenger  engine,  so  in  order  to 
produce  a  locomotive  to  cope  with  the  enhanced  condition,  viz. : 
heavier  trains  at  high  speed,  the  "Prairie"  type  of  engine  was 
designed,  a  type  resultmg  from  the  "Mogul"  or  ten-wheeled 
locomotive.  This  engine  has  a  pony-truck,  three  pairs  of  driving 
wheels  and  a  wide  fire-box  extending  over  the  frames  and  placed 
back  of  the  driving  wheels.  To  support  this  overhanging  weight 
a  pair  of  trailing  wheels  is  placed  beneath  the  fire-box.  Fifty  of 
these  locomotives  were  built  for  the  "Burlington,"  and  forty-five 
for  the  Atchison  Railroads  in  190 1.  A  new  departure  in  loco- 
motive practice  was  exhibited  by  these  works  at  the  Pan-Ameri- 
can Exhibition,  at  Buffalo,  N.  Y.,  in  1901,  being  a  ten-wheel 
locomotive  built  for  the  Illinois  Central  Railroad,  the  fire-box  and 
tender  embodying  the  inventions  of  Mr.  Cornelius  Vanderbilt.M.E. 
The  fire-box  was  cylindrical  in  form,  its  axis  excentric  to  that  of 
the  boiler  is  riveted  to  the  back  head  of  the  boiler  and  supported  at 
the  bottom  by  the  man  hole,  otherwise  entirely  disconnected 
from  the  outer  shell,  and  so  dispensing  with  stays,  bolts  and 
crown  bars,  thus  permitting  easy  removal. 

The  feature  of  the  tender  is  a  cylindrical  instead  of  an  U-Shaped 
tank,  placed  back  of  the  coal  space,  the  advantage  being,  a  better 
distribution  of  the  weight  in  the  tender,  less  dead  weight  and 
more  economical  construction.  The  year  1901  was  especially 
noticeable  for  the  large  volume  of  domestic  business,  there  being 
a  very  large  demand  from  the  West  and  Southwestern  Railroads ; 
the  Pennsylvania  ordred  over  150  locomotives  of  various  types 
and  the  Baltimore  &  Ohio  Railroad  placed  an  order  for  over  100 
locomotives.      1,375    locomotives    were    built,    526    being    com- 
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pounds,  six  for  compressed  air  and  45  electric.     208  were  ex- 
ported, and  the  average  number  of  men  employed  per  week  was 

9^595- 

In  February,  1902,  the  20,000th  locomotive  was  completed. 
This  engine  embodied  several  interesting  features,  viz. :  com- 
pound cylinders,  with  the  new  arrangement,  Vauclain  type. 

In  Alay  of  this  year,  the  largest  locomotive  ever  built  was 
turned  out.  It  was  a  "Decapod,"  for  the  Atchison  Railroad 
Company.  The  total  weight  of  the  engine  alone  was  267,800 
lbs.     It  was  designed  for  heavy  hauling  upon  steep  grades. 

Two  types  of  compound  locomotives,  the  balanced  and  the 
tandem,  both  new  in  the  practice  of  these  works,  were  constructed 
in  1902.  Both  these  types  employ  four  cylinders.  In  the  bal- 
anced engine  they  are  placed  side  by  side,  with  the  two  high- 
pressure  cylinders  between  the  frames,  and  the  low-pressure  out- 
side. The  high-pressure  pistons  are  connected  to  a  cranked  axle. 
The  inside  and  outside  cranks  on  the  same  side  of  the  engine  are 
placed  180°  apart  so  that  the  pistons  oppose  one  another  in 
movement  and  their  disturbing  effects  are  thus  equalized.  One 
piston  valve  controls  the  steam  distribution  to  each  pair  of  cylin- 
ders. The  valve  gear  is  arranged  as  in  an  ordinary  single-expan- 
sion engine.  This  arrangement  is  particularly  suitable  for  high 
speed  pasesnger  locomotives,  as  a  more  nearly  perfect  counter- 
balance can  be  effected.  In  the  tandem  type  the  high  pressure 
cylinder  is  bolted  to  the  front  head  of  the  low  pressure  with  ex- 
ternal bolts,  which  are  easily  accessible.  The  two  pistons  on  the 
same  side  of  the  engine  are  mounted  on  a  common  piston  rod. 
The  packing  between  the  two  cylinders  is  so  arranged  that  a 
steam-tight  joint  is  maintained  in  spite  of  any  wear  which  may 
occur  in  the  various  parts.  The  tandem  arrangement  of  cylin- 
ders was  one  of  the  first  to  be  employed  on  compound  engines, 
but  the  Baldwin  Locomotive  \\'orks  introduced  a  number  of  valu- 
able improvements.  These  features  have  been  applied  to  more 
than  150  heavy  freight  locomotives  built  for  the  Atchison, 
Topeka  &  Santa  Fe  Railway. 

The  year  1902  also  marks  the  introduction  of  the  "Diamond" 
boiler  seam,  which  has  been  used  in  a  large  number  of  locomotive 
boilers  built  at  these  works.  The  butt  joint  is  covered  on  the  out- 
side by  a  narrov/  welt  strip  taking  two  rows  of  rivets,  and  on  the 
inside  by  a  diamond-shaped  plate,  which  is  secured  to  the  shell  by 
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rivets  placed  in  horizontal  rows.  The  strength  of  this  seam  is 
estimated  to  he  about  95%  that  of  the  solid  plate.  Another 
impro\ement  relating  to  boiler  seams  adopted  at  these  works 
about  this  time,  consists  in  welding  the  boiler  plate  at  each  end  of 
the  horizontal  seam  where  butt  jointed  seams  are  used.  A 
stronger  construction  is  thus  obtained  at  the  lap  of  the  circum- 
ferencial  seam  and  the  scarhng  or  thinning  down  of  the  plates 
and  covering  strips  at  this  junction  is  avoided.  It  also  allows  the 
sheets  forming  the  two  adjoining  rings  to  be  formed  with  a  true 
radius,  so  that  one  will  fit  closely  within  the  other  for  its  entire 
circumference. 

The  "ALikado"  type  of  locomotive  was  established  this  year. 
The  requirements  covered  a  powerful  engine  with  a  large  fire 
box  and  ample  grate  surface  for  burning  inferior  coal  or  lignite. 
This  type  consisted  of  eight  wheels  connected,  with  the  fire  box 
behind  them  supported  by  a  pair  of  trailing  wheels,  and  a  pony- 
truck  in  front. 

Oil-burning  locomotives  were  built  this  year  for  the  "Atchi- 
son," the  Southern  Pacific  and  the  Galveston,  Houston  &  Hen- 
derson Railroads.  Electric  locomotives  for  surface  and  mine 
haulage  sho\ved  a  marked  increase  both  in  point  of  numbers  and 
variety  of  design :  also  many  orders  for  electric  motor  trucks 
were  recei\'ed. 

In  the  year  1903,  the  "Santa  Fe"  type  of  locomotive  was  in- 
troduced for  heavy  freight  service  upon  the  Atchison,  Topeka  & 
Santa  Fe  Railway.  These  engines  have  five  pairs  of  drivers 
connected,  with  a  two-wheeled  truck  at  each  end.  150  of  these 
locomotives  are  operating  on  this  raihvay  system,  wdiile  others 
are  being  built. 

78  locomotives  were  exported. 

298  "  "      compounds. 

1646  "  "      other  types. 


2022  "  "      constructed  during  the  year 

The  years  1904  and  &r905  witnessed  no  new  developments, 
yet  general  improvements  progressed  and  we  find  the  number  of 
locomotives  constructed  during  these  vears  to  be : 
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Exportfd.  Compounds,  Total. 

1904 -'85  99  1453 

1905 413  123  2245 

Of  the  number  of  men  employed  : 
In  1904  there  were  10.573. 
"    1905     "  "      14,811. 

In  1906,  five  locomotives  of  the  "Mallet"  type  were  built  for 
the  Great  Northern  Railway  Company.  A  new  feature  in  these 
locomotives,  introduced  by  these  works,  was  the  addition  of  a 
two-wheeled  radial  truck  at  each  end  of  the  engine.  This  results 
in  better  curving  qualities  and  reduces  the  flange  wear  on  the 
leading  pair  of  driving  wheels.  These  engines  are  the  heaviest 
thus  far  constructed  in  the  experience  of  the  works.  The  total 
weight  of  the  locomotive  is  355,000  pounds.  The  weight  upon 
the  drivers  is  316,000  pounds.  The  weight  of  the  engine  and 
tender  is  503,000  pounds.  These  locomotives  are  doing  very 
excellent  service  upon  the  roads  where  they  are  employed.  Forty 
additional  ones  have  already  been  ordered  owing  to  their  good 
service. 

Locomotives  exported  in  1906 281 

compounds    in    1906 133 

Total  number  in   1906 2652 

Number  of  men  employed  in  1906 ^7A3^ 

In  compiling  their  report,  the  Committee  have  been  obliged  to 
give  but  a  brief  outline  of  the  growth  of  these  works ;  to  overlook 
many  interesting  and  valuable  details  of  construction  and  patents, 
confining  themselves  to  the  fundamental  patents  and  details  which 
were  essential  to  the  successful  development  of  their  locomotives ; 
and  would  recommend  for  originality,  invention,  design,  work- 
manship, system  and  management,  the  award  of  the  Elliott 
Cresson  Medal  and  Diploma  of  the  Franklin  Institute,  of  Penn- 
sylvania. 


Vol..  CLXIV,     No.  9.S2 


266  Baldwin  Locomotive   Works  :  [J-  F-  I-. 

APPENDIX. 

RECAPITULATION. 

Number  of  Compound    Locomotives     No.  of  Men 

Year.  Engines  Built.       Locomotives.     Exported.         Employed. 

1832 I  30 

1833 o 

1834 5 

1835 14 

1836 40 

1837 40  300 

1838 23 

1839 26 

1840 9  I 

1841 9  2 

1842 14  o 

1843 12  o 

1844 22  o 

1845 V  3 

1846 42  -       2 

1847 39  2 

1848 20  I 

1849 30  3 

1850 il  3 

1851.... 50  5 

1852 49  o 

1853 60  4 

1854 62  I                            500 

1855 47  5                            430 

1856 59  4 

1857 66  12 

1858 2,i  5 

1859 70                            ,  10 

i860 83  3 

1861 40  2 

1862 75  6 

1863 96  9 

1864 130  4 

1865 115  o 

1866 iiG  5 

1867 127  4 

1868 124  4 

1869 235  .0 

1870 280  12 

1871 331  18 

1872 422  52 

1873 437  85 

1874 162  47 
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Number  of             Compound    Locomotives      No.  of  Men 
Year.                           Engines  Built.       Locomotives.     Exported.         Employed 

iS?!? 130  30 

1876 232  47 

1877 185  2>7 

1878 292  79 

1879 308  90 

1880 577  53 

1881 554  89 

1882 563  119 

1883 557  15' 

1884 429  170  2377 

1885 242  «                                             82  1 563 

1886 550  42  241 1 

1887 653  46  2879 

1888 jy?  93  3329 

1889 827  I                        211  3579 

1890     946  3                        144  4493 

189 1 899  82                       290  4440 

1892 731  213                       127  4039 

1893 772  160                       162  4313 

1894 2>^?>  30                        132  2150 

1895 401  51                         151  2551 

1896 547  173                        289  3490 

1897 50[  86                       205  3191 

1898 755  235                        348  4888 

1899 901  241                         375  6336 

1900 1217  426                        363  8208 

1901 1.^75  526                       208  9595 

1902 1533  445                        100  12158 

1903 2022  298                         78  14720 

'904 1453  99                       285  10573 

190S 2245  123                       413  14811 

1906 2652  133                       281  17432 

Total  nu  liber  of  engines  exported  up  to  January   i.   1907 5614 

Total  numl)er  of  engines  (compound)  up  to  January  i,   1907 3325 
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The  present  organization  to  date,  based  on  an  annual  output  of 
2600  locomotives,  is  as  follows: 

Number    of   men    employed 19000 

Hours  of  labor  per  iman  per  day 10 

Principal  departments,  run  continuously,  hours  per  day 23 

Horse  power  emploved  |  ^te^"'  ^"S'""' 'zl^? 

^  ^  1    Oil    engmes 4850 

Number  of  buildings  comprised  in  the  Works 47 

Acreage  comprised  in  works    |    Plyladelphia    17.8 

*  ^  I    Eddystone    184.0 

Acreage  of  floor  space  comprised  in  buildings 63 . 2 

Number  of  dynamos  for  furnishing  light  (arc) 16 

Number  of  dynamos  for  furnishing  light  (incandescent) 7 

Horse   power   of   electric    motors    employed    for    power    transmission 

aggregate    14200 

Number  of  electric  lamps  in  service  (incandescent) 7000 

Number  of  electric  lamps  in  service  (arc) 951 

Number  of  electric  motors  in  service 11 15 

Consumption  of  coal,  in  net  tons  per  week,  about 3000 

Consumption  of  iron,  in  net  tons  ner  week,  about 5000 

Consumption  of  other  materials,  in  net  tons  per  wecK,  about 1460 

Adopted  at  the  stated  meeting  of  the  Committee  on  Science 
and  the  Arts,  held  Wednesday,  April  3,   1907. 

Attest : 

\Ym.  H.  Wahl,  Secretary. 


October.  1907.)  Secondary  Ciirrent  0/  the  Induct io)i  Coil. 
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The  Secondary  Current  of  the  Induction  Coil. 

Bv  H.  Clyde  Snook,  A.M. 


The  purpo.se  of  this  paper  is  to  give  a  discussion  of  the  currents 
flowing  in  the  secondary  of  an  Induction  Coil,  as  ohserved  by 
means  of  a  Duchlell  High  h'requency  Oscillograph. 

The  principal  apparatus  used  in  this  inxestigation  consisted  of  a 
Duddell  High  Frecjuency  Oscillograph  and  a  twenty-inch 
Ruhnik(jrff  Induction  Coil,  e(|uipped  with  an  electrolytic  inter- 
rupter, a  mercury  jet  interrupter,  and  a  mechanicallv  x'ihrating 
platinum  contact  break.  A  general  view  of  the  apparatus  appears 
in  h'igure  i. 

The  Oscillograph  is  provided  with  a  falling  plate  api)aratus  in 
the  usual  manner.  The  arc  lamp  which  furnished  the  light  for 
the  moving  beam  that  traced  the  curves  is  in  the  foreground  near 
the  falling  plate  arrangement.  The  mercury  jet  interrupter,  a 
lead  gla.ss  shield  enclosing  an  X-Kay  tube,  and  a  milliampere 
meter  for  measuring  the  secondary  current  are  in  the  left  fore- 
ground. 

Curves  Xo.  12  to  Xo.  20,  inclusive,  are  of  the  current  at  the 
middle  of  the  Induction  Coil  secondary,  and  were  taken  by  in- 
serting the  oscillograph  loop  directly  in  series  with  the  two  halves 
of  the  secondary.  The  method  of  connecting  up  the  apparatus 
was  such  that  the  only  difference  of  potential  between  the  oscillo- 
grai)h  parts  was  due  to  the  I.  R.  drop  through  the  resistance  of 
the  o.scillograph  loop. 

This  was  effected  by  connecting  the  permanent  magnet  of  the 
oscillograph  to  one  side  of  the  looj)  and  making  a  ground  connec- 
tion to  earth  ;it  this  point.  It  is  true  that  the  looj)  has  a  verv 
slight  self-induction  and  that  there  would  be  a  very  slight  L^[ 
drop  through  it,  and  this  w<Hild  be  added  to  the  I.  R.  drop,  but 
their  sum  is  \ery  small,  so  that  the  entire  oscillograph  is  subjected 


274  Snook :  [J.  F.  I., 

to  very  low  differences  of  potential.  By  making  the  middle  of 
the  secondary  a  neutral  point  at  zero  potential,  the  induction  coil 
secondary  was  permitted  to  develop  its  usual  high  potentials  with- 
out endangering  the  recording  apparatus. 

No.  12  is  of  the  current  at  the  middle  of  the  secondary,  ob- 
tained in  the  manner  just  indicated,  when  there  is  no  sparking  at 
the  terminals  of  the  secondary  coil.      It  is  seen  that  current  is 


Fig.l 

flowing  at  the  middle  of  the  secondary  winding  even  though  no 
current  is  passing  at  the  terminals.  This  is  evidently  due  to  the 
fact  that  the  secondary  is  oscillating  through  its  own  self-induc- 
tion and  electro  static  capacity  as  an  open-circuited  Hertz  resona- 
tor, the  natural  period  of  the  thus  self-constituted  resonator  being 
indicated  by  the  shorter  waves  in  each  of  the  wave  trains. 

In  this  curve,  as  in  a  number  of  others,  the  zero  line  has  been 
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shifted  away  from  the  true  zero  in  order  that  the  minute  wave 
forms  may  be  more  clearly  distinguished. 

Curve  No.  13  was  taken  under  the  same  conditions  as  Xo.  12, 
with  the  exception  that  a  bright  snappy  sparking  was  occurring 
at  the  secondary  terminals  of  the  induction  coil.  The  effect  of 
the  sparking  is  seen  in  the  extra  tiny  wiggles  and  the  slight 
change  in  the  contour  of  the  larger  waves,  which  latter  effect  is 
due  to  a  change  in  the  leakage  inductance  between  the  secondary 
and  primary  coils  of  the  induction  cr)il.  One  of  the  wave  trains 
in  this  curve  is  seen  not  to  have  the  tiny  wiggles  which  are  due  to 
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the  spark  and  its  very  high  frequency  oscillation  which  penetrates 
entirely  through  the  secondary  winding,  but  which  has  a  still 
higher  frecpiency  than  that  of  the  natural  period  of  the  secondary 
winding  when  oscillating  entire  as  an  open-circuited  resonator. 
On  one  of  the  wave  trains  it  is  seen  that  the  spark  failed  to  occur, 
and  that  the  shape  of  the  waves  in  this  train  is  just  the  same  as 
that  in  curve  12,  where  sparking  did  not  occur. 

The  previous  curves,  as  well  as  this  one.  were  obtained  when 
the  electrolytic  interrupter  was  being  used  in  the  jirimary  circuit 
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of  the  coil.  This  curve  was  obtained  by  permitting  the  secondary 
terminals  to  be  only  a  few  inches  apart,  and  causing  a  heavy 
yellow  flaming  discharge  to  pass  between  them.  The  high  wave 
peaks  correspond  to  the  "breaks"  of  the  interrupter,  and  the  tiny 
wavelets  are  ag^ain  the  oscillations  of  the  same  secondary  but  their 
time  period  is  less  than  in  curve  Xo.  12  because  in  this  instance 
the  time  period  has  been  reduced  by  the  lessening  of  the  effective 
capacity  of  the  ends  of  the  secondary  winding  due  to  the  low  re- 
sistance of  the  flaming  discharge. 

When  bright  heavy  sparking  takes  place  at  the  secondary 
terminals,  and  the  primary  coil  is  operated  by  a  platinum  hammer 
break  which  is  bridged  with  a  moderate  amount  of  condenser,  we 
obtain  a  curve  like  Xo.  15.  The  self  induction  in  the  primary 
winding,  when  this  curve  was  taken,  was  of  medium  value,  and 
it,  oscillating  with  the  condenser  bridged  around  the  interrupter, 
caused  the  serrations  in  the  main  wave  which  occurs  at  "break." 
The  regular  and  steady  oscillations  of  the  secondary  are  seen  in  a 
hnv  wave  train  immediately  preceding  the  large  wave  occurring 
at  break. 

No.  16  is  (juite  similar  to  Xo.  15.  but  the  electrolytic  interrupter 
was  employed.  The  saw  teeth  following  the  large  wave  occur- 
ring at  "break"  indicate  very  nicely  the  pn^longed  oscillation  of 
the  secondary.  In  this  curve  four  milliamperes  of  current  were 
being  passed  through  an  X-Ray  tube  having  a  parallel  resistance 
of  about  two  inches. 

No.  17  is  identical  with  Xo.  15.  all  adjustments  being  exactly 
the  same  excepting  that  the  discharge  was  passed  through  a 
harder  X-Ray  tube,  and  it  is  seen  that  the  current  does  not  rise 
to  so  high  an  instantaneous  value  because  of  the  increased  tube 
resistance.  The  condenser  oscillations  are  seen  to  serrate  the 
wave  form  of  the  current  at  break,  and  when  the  latter  has  fallen 
to  a  low  enough  value  they  produce  current  of  a  negative  sign. 

By  employing  a  low  value  of  self  induction  in  the  primary  coil, 
a  high  fre(|uency  of  interruption  by  an  electrolytic  interrupter, 
and  a  soft  X-Ray  tul)e  in  series  with  the  secondary,  the  current 
curve  at  the  middle  of  the  secondary  is  as  ni  Xo.  18.  The  soft 
tube  offers  a  low  resistance  to  current  of  both  positive  and  nega- 
tive sign  and  a  great  deal  of  inverse  current  or  current  of  negative 
value  is  seen  in  this  curve. 

Remcmbcrinir  that  this  curve  is  of  current  at  the  middle  of  the 
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secondary  winding,  we  find  a  most  interesting  thing  due  to  the 
superimposition  of  the  high  frequency  secondary  oscillations  upon 
the  low  frequency  oscillations  of  the  primary  condenser  and  self 
induction  which  assert  themselves  in  the  secondary  through  the 
mutual  induction  between  the  primary  and  secondary  windings. 
This  is  seen  immediately  following  the  large  positive  waves  which 
occur  at  break.  Midway  between  the  large  waves  at  break  can  be 
seen  the  oscillations  of  the  secondary  occurring  at  "make"  while 
the  secondary  oscillates  as  an  open-circuited  resonator,  being 
maintained  open  circuited  in  this  particular  time  by  the  high  re- 
sistance of  the  X-Ray  tube,  which  at  this  instant  does  not  permit 
the  passage  of  any  current  through  it  from  the  secondary  winding. 
The  conditions  in  the  primary  when  this  curve  was  taken  were,  a 
large  primary  self  induction,  a  mechanical  platinum  interrupter 
shunted  by  a  large  mica  condenser,  and  a  period  of  interruption 
of  about  twenty-five  cycles  per  second ;  while  the  secondary  had  in 
series  with  it  a  soft  X-Ray  tube,  and  a  small  spark  gap. 

No.  20  was  taken  under  exactly  the  same  conditions  as  was  No. 
19  excepting  that  the  electrolytic  interrupter  was  used  in  the  pri- 
mary. The  wave  form  is  profoundly  altered  and  is  characteris- 
tic of  the  wave  forms  produced  with  this  type  of  interrupter. 

We  now  proceed  to  examine  the  current  not  at  the  middle  of 
the  secondary  winding  but  at  one  end  of  it,  in  order  that  we  may 
obtain  a  true  record  of  the  current  which  actually  passes  through 
the  X-Ray  tube  and  thus  eliminate  the  oscillatory  current  which 
occurs  only  in  the  secondary  winding,  and  which  moves  under  the 
stimulus  of  comparatively  small  electro-motive  forces.  It  will  be 
seen  in  the  subsequent  curves  that  in  the  majority  of  cases  these 
secondary  oscillations  never  pass  through  the  X-Ray  tube  because 
their  maximum  potentials  are  insufficient  to  equal  the  ionization 
potentials  of  the  X-Ray  tubes. 

This  diagram  indicates  how  the  oscillograph  was  maintained 
at  a  zero  potential  as  in  the  previous  curves,  but  instead  of  having 
the  current  connection  at  the  middle  of  the  secondary  it  is  placed 
at  one  end  of  it.  The  electrode  of  the  tube  which  is  connected  to 
the  oscillograph  has  of  course  a  low  resistance  connection  to  it, 
and  there  is  maintained  at  practically  zero  potential,  one  end  of  the 
secondary  winding,  the  oscillograph,  and  one  of  the  electrodes  of 
the  X-Ray  tube. 

In  this  connection  it  is  interesting  to  note  that  some  of  these 
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succeeding  curves  are  taken  with  the  Kathode  of  the  X-Ray  tube 
maintained  at  zero  potential,  and  some  of  them  with  the  target 
maintained  at  zero  potential.  This  was  done  in  order  to  de- 
termine whether  or  not  it  is  necessary  to  raise  a  kathode  to  a  high 
absolute  potential  in  order  to  cause  it  to  emit  kathode  rays.  It 
was  found  that  the  X-Ray  tube  behaved  exactly  the  same  in  each 
case,  no  matter  which  way  about  the  electrodes  were  placed  with 
reference  to  the  zero  point,  and  the  charactristics  of  the  tube  as  to 
I  h 


Fig.  3 

resistance  and  emission  of  X-Rays  remained  absolutely  the  same 
in  cither  position.  It  was  therefore  concluded  that  since  no 
change  in  the  tube  characteristics  was  ()l)served  by  making  the 
kathode  be  at  zero  potential  from  the  behavior  of  the  tube  when 
the  kathode  was  made  the  high  potential  electrode,  that  the  pro- 
duction of  the  kathode  rays  can  take  place  at  the  surface  of  a 
kathode  maintained  at  zero  potential  l)ut  between  which  and  any 
other  electrode  in  a  Crooke's  tube  a  sufticient  difference  of  poten- 
tial is  maintained. 
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In  this  curve  Xo.  21  we  have  the  curve  of  current  which  act- 
ually passes  thnjugh  the  X-Ray  tube.  It  is  seen  that  the  maxi- 
mum instantaneous  \alue  of  the  current  is  at  times  quite  high  but 
that  the  current  hists  for  very  short  intervals  of  time.  If  we  take 
as  land  marks  the  tall  peaks  of  positive  current  which  comes  at 
"break, "we  notice  the  negative  current  at  "make/'midwaybetween 
these  tall  waves  at  "break."  Immediately  following  the  tall  waves 
we  see  a  negative  wave  of  very  short  duration  which  is  caused  bv 
the  first  semi-oscillation  of  the  primary  condenser  which  produced 
negative  E.  M.  F.  in  the  secondary,  and  it  is  to  be  noted  that  the 
succeeding  condenser  oscillations  fail  to  produce  sufficient  poten- 
tial to  equal  the  ionization  potential  of  the  tube.  The  abruptness 
with  which  the  current  in  the  tube  begins  and  ends  at  this  semi- 
oscillation  of  the  condenser,  in  spite  of  the  fact  that  the  current 
through  the  primary  due  to  the  condenser  oscillation  is  a  damped 
sine  wave,  proves  the  existence  of  a  definite  ionization  potential 
for  the  tube.  The  oscillation  due  to  the  capacity  of  the  tube  elec- 
trodes, the  wires  leading  to  it  and  the  secondary  coil,  are  seen  in 
small  wavelets  between  the  tall  peaks  of  positive  current  and  the 
negative  wave  caused  by  the  primary  condenser. 

In  Xo.  22  we  have  all  *:he  conditions  the  same  as  in  Xo.  21, 
but  the  condenser  and  primary  inductance  have  been  adjusted  so 
as  to  prevent  the  production  of  negative  secondary  potential  of 
sufficiently  high  value  to  equal  the  negative  ionization  potential  of 
the  X-Ray  tube.  The  curve  is  entirely  above  the  line,  which  is  as 
it  should  be,  and  is  often  exceedingly  difficult  to  obtain. 

If  the  X-Ray  tube  be  very  soft,  its  negative  ionization  potential 
is  correspondingly  low,  and  the  negative  voltage  produced  at 
"make"  easily  passes  current  through  the  tube  in  the  wrong  direc- 
tion. In  curve  No.  23  midway  between  the  tall  peaks  of  current 
at  the  time  of  "break"  we  find  a  wave  of  current  at  "make"  which 
lasts  for  a  comparatively  great  length  of  time.  In  this  curve  can 
be  seen  a  peak  of  positive  and  negative  value  due  to  the  primary 
condenser  oscillations.  Serrating  the  negative  curve  at  "make"  can 
be  seen  the  high  frequency  oscillations  of  the  induction  coil  sec- 
ondary. 

This  curve  No.  24  is  of  current  in  an  X-Ray  tube  when  the  cur- 
rent is  pa.sscd  through  the  tube  in  the  proper  direction,  and  there 
is  none  in  the  wrong  direction.      In  this  particular  curve  the  in- 
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(kiction  coil  was  excited  by  an  electrolytic  interrupter,  the  ad- 
justment of  which  together  with  the  adjustment  of  the  number  of 
turns  on  the  primary  and  the  rheostat  in  series  with  both  and  the 
source  of  current  was  such  as  to  prevent  the  negative  voltage 
from  equaling  the  negative  ionization  potential  of  the  tube. 

W^e  have  here  a  mercury  jet  interrupter  directly  connected  to 
the  shaft  of  which  is  a  hard  rubber  rod  wdiich  has  mounted  at  its 
upper  end  a  metal  rod  which  rotates  around  with  it.     Idiis  metal 


'arm  or  rod  in  its  rotation  bears  a  definite  phase  relation  to  the 
"make"  and  "break"  of  the  interrupter,  and  is  so  arranged  that 
when  the  interrupter  is  at  "break"  this  metal  arm  closes  the  sec- 
ondary circuit  of  the  induction  coil  through  a  very  small  air  gap. 
When,  however,  the  mercury  interrupter  is  at  "make"  this  rotat- 
ing arm  is  at  such  a  position  that  it  has  introduced  into  the  sec- 
ondary circuit  a  large  spark  gap,  which  is  so  great,  that  .the  nega- 
tive'voltage  produced  in  the  secondary  winding  by  the  "make"  of 
the  interrupter  will  not  bridge  across  this  gap.  This  constitutes 
a  synchronous  series  spark  gap  maintained  in  series  with  the  sec- 
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ondarv  winding"  of  the  induction  coil  in  such  a  way  that  it  has  a 
niininuim  resistance  at  the  time  of  "hreak"  and  a  maximum  resist- 
ance at  the  time  of  "make,"  thus  enabhng  us  to  prevent  the  passage 
into  tlie  external  secondary  circuit  any  current  induced  in  the  sec- 
ondary at  the  time  of  "make."  The  speaker  has  used  this  appa- 
ratus in  the  manner  in<licatcd.  and  has  taken  oscillographic 
records  (jf  the  curves  obtained  by  it,  and  as  would  be  expected 
they  are  the  same  as  previously  obtained  without  the  use  of  such 
a  synchronous  series  spark  gaj),  excepting  that  there  is  not  pres- 
ent in  the  curves  any  indication  of  current  in  the  external  second7 
ary  circuit  at  the  time  of  "make." 

This  investigation  of  the  currents  tlowing  in  the  secondary  of 
this  particular  induction  coil  was  a  part  of  a  general  investigation 
of  various  kinds  of  induction  coils  which  was  undertaken  by  the 
speaker  under  Dr.  Arthur  \\ .  Goodspeed,  Professor  of  Physics  at 
the  Randal  Morgan  Laboratory  of  the  University  of  Pennsylva- 
nia. The  .speaker  is  greatly  indebted  to  Dr.  (ioodspeed  for  his 
encouragement  and  his  placing  the  u.se  of  the  oscillograph  and 
other  apparatus  at  the  speaker's  disposal. 
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A  recent  publication  of  the  United  States  Geological  Survey  that 
should  have  wide  circulation  in  the  States  where  strawboard  is  manufac- 
tured is  a  paper  entitled  "The  Prevention  of  Stream  Pollution  by  Straw- 
board  Waste."     The  author  is  Mr.  Earle  Bernard  Phelps. 

The  total  waste  discharged  into  the  streams  in  1900  amounted  to  10,- 
2.l(),7io.ooo  gallons  of  li(iuur.  containing  184.777.382  pounds  of  straw  and 
mineral  matter  and  77.191. 660  pounds  of  lime.  This  enormous  waste  was 
discharged  by  fifty-nine  plants  or  various  sizes,  but  as  most  of  these  mills 
are  along  small  streams  the  resulting  pollution  is  very  apparent. 

Experiments  conducted  in  the  Sanitary  Research  Laboratory  and  Sew- 
age Experiment  Station  of  the  Massachusetts  Institute  of  Technology 
show  that  93  per  cent,  of  the  suspended  organic  solids  and  98  per  cent,  of 
the  total  suspended  matter  determined  as  turbidity  can  be  removed,  after 
a  .short  period  of  sedimentation,  by  filtration  of  the  liquor  through  sand, 
without  coagulants.  The  present  niethod.  that  of  sedimentation  in  large 
fields,  is  pronounced  unsatisfactory,  expensive,  and  based  on  a  wroijg 
principle.  The  sludge  resulting  from  the  sedimentation  tanks  is  declared 
inocuous  alter  being  pressed.  It  i-  --aid  to  make  good  soil  and  to  have 
some  value  as  a  fertilizer. 
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UNDERGROUND  WATERS  OP  THE  COASTAL  PLAIN  OF 

TEXAS. 

The  underground  waters  of  the  Texas  Coastal  Plain,  which  during  re- 
cent years  have  become  of  considerable  econoimic  importance,  form  the 
subject  of  a  paper  just  issued  by  the  United  States  Geological  Survey  as 
Water  Supply  Paper  No.  190.  The  author  is  Prof.  Thomas  U.  Taylor,  of 
the  University  of  Texas,  who  has  spent  a  number  of  years  investigating 
ground  water  conditions  in  that  State. 

The  Coastal  Plain  of  Texas  is  a  continuation  of  the  Atlantic  Coastal 
Plain,  although  it  dififers  from  that  area  in  many  important  features.  It 
consists  in  general  of  a  gently  sloping  plain,  about  150  miles  wide,  lying 
between  the  Gulf  coast  and  a  line  connecting  Texarkana  with  Del  Rio  and 
running  through  Cooper,  Greenville,  Corsicana,  Cameron,  Elgin,  and  San 
Antonio.  On  the  west,  from  Del  Rio  to  the  Colorado  River,  it  is  bord- 
ered by  what  is  known  as  the  "Edwards  Plateau,"  and  from  Colorado 
River  to  the  Arkansas  State  line  by  the  "Black  Prairie."  Its  area  is  about 
75,000  square  miles. 

In  eastern  Texas  the  Coastal  Plain  has  the  general  character  of  that  of 
the  Southern  States;  but  in  its  southwestern  extension  that  character  is 
imore  or  less  modified,  and  it  widens  in  the  vicinity  of  Rio  Grande,  where 
there  is  a  great  embayment  similar  to  that  of  the  Mississippi.  The  sur- 
face rises  gradually  from  sea  level  to  an  elevation  of  800  to  1000  feet  along 
the  inner  margin  of  the  province.  The  region  is  traversed  by  many  rivers, 
the  largest  being  Neches,  Trinity,  Brazos,  Nueces,  and  the  Colorado.  Of 
these  only  the  Brazos  enters  the  Gulf  directly,  all  the  others  emptying 
into  lagoons  or  bays.  Notwithstanding  its  many  streams  much  of  the 
region  is  poorly  drained,  and  in  places  water  stands  in  lakes  or  ponds 
throughout  the  year. 

Ground  water,  which  is  usually  abundant  throughout  the  district,  has 
been  used  there  for  many  years  for  general  domestic  purposes,  and  a  few 
small  irrigation  plants  have  derived  their  water  supply  from  this  source. 
Within  recent  years  artesian  wells  have  been  obtained  in  various  parts  of 
the  region,  the  depth  at  which  the  water  is  found  ranging  from  a  few  feet 
to  over  2000  feet,  with  the  average  of  about  600.  Three  of  the  largest  cities 
in  the  region  derive  their  entire  city  water  supply  from  artesian  sources. 
The  flow  of  the  wells  varies  from  20  to  16000  gallons  per  iminute. 

Professor  Taylor's  report  discusses  the  water  resources  of  this  import- 
ant district  by  counties  and  gives,  all  available  information,  collected  from 
many  sources,  concerning  both  shallow  and  deep  wells.  The  many  chemi- 
cal analyses  included  indicate  that,  while  the  water  of  the  Coastal  Plain 
wells  is  more  or  less  mineralized,  the  dissolved- salts  are  as  a  rule  neither 
objectionable  for  domestic  purposes  nor  deleterious  to  plant  growth.  The 
report  may  te  obtained  by  applying  to  the  Director  of  the  United  States 
Geological  Survey,  Washington,  D.  C. 
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Section  of  Physics  and  Chemistry.* 


On  Shellac  and  a    Method  for  the    Determining  of    Its   Impurities 

or  Adulterants. 


By  H.  Endemann. 


Shellac  has  frequently  been  the  subject  of  investigation.  It  is 
generally  conceded  that  it  consists  mainly  of  oxy  acids,  wax,  col- 
oring, inorganic  matter,  etc. 

A.  Farner,  Chem.  Cent.  Bl.,  1899,  p.  687,  separated  from  the 
oxy  acids  one  crystalline  product  which  he  called  Aleuretic  acid, 
which,  as  he  judges,  should  yield  when  treated  with  permanga- 
nate of  potash  in  alkaline  solution  azelaic  acid  and  butyric  acid. 
I  may  state  liere  that  I  have  also  obtained  a  crystalline  acid  simi- 
lar to  that  described  by  Farner,  wdiich,  however,  is  not  aleuretic 
acid,  but  rather  a  trioxy  palmitic  acid,  of  which  more  anon. 

I  will  now  describe  the  results  of  my  own  investigations,  so  far 
as  they  refer  to  my  method  of  analyzing  shellac  in  order  to  de- 
termine its  qualities  and  purity. 

In  investigating  shellac  one  should  commence  with  the  best  and 
purest  shellac  of  commerce.     I  chose  the  mark  "D.  C." 

If  such  shellac  is  treated  with  a  caustic  alkali,  it  leaves  an  in- 
soluble resi(hie.  the  so-called  "wax."  In  order  to  purify  this  I 
extracted  it  with  boihng  alcohol  in  a  Sohxlet  apparatus  and  puri- 
fied the  crystals  so  oljtained  by  recrystallization  from  ether. 

Analysis  yielded : 

Sample  Calculated  for  Myricyl-alcohol. 

Carbon 8-'.  18  82.08 

Hydro^reii 14.25  14.27 

but  no  Cerylalcohol  which  requires  C.  81 .82,  H.  14. 16. 

Mamifacturers  obtain  the  wax  as  the  insoluble  residue  after 
dissolving  shellac  in  a  carbonate  of  soda  solution. 

[*Stibniifto(!  for  publication  and  approved.     Ed.] 
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The  carbonate  of  soda  solution  precipitated  by  an  acid  yields 
the  main  portion  of  the  shellac  apparently  intact. 

If  the  shellac,  while  in  this  alkaline  solution,  is  bleached  with 
hypochlorite  of  soda  (as  is  done  on  the  large  scale)  and  subse- 
quently precipitated  with  acid,  the  shellac  is  not  obtained  un- 
changed but  containing  chlorine.  An  analysis  of  bleached  shellac 
showed  in  one  case  as  much  as  1.26%  of  chlorine.  It  would  in- 
volve, therefore,  considerable  complications  if  bleached  shellac 
were  employed  for  an  investigation  of  shellac  constituents, 
though  almost  colorless  products  are  at  once  obtained. 

For  the  purpose  of  an  investigation  it  is,  therefore,  far  more 
desirable  to  select  one  of  the  "so-called"  blond  shellacs.  Mark 
"D.  C."  has  been  used  by  me  as  a  standard. 

Shellac  boiled  with  water  yields  a  white  crystalline  acid  (rhom- 
bic plates)  to  which  we  will  refer  later. 

A  solution  of  shellac  in  carbonate  of  soda  boiled  for 
one  ( I  )  hour  connected  with  a  carbonic  acid  absorption  appara- 
tus does  not  yield  as  much  carbonic  acid  as  would  be  expected 
from  the  cjuantity  of  acids  contained  in  shellac. 

2.5146  grams  shellac  with  i  .0083  dry  carbonate  of  soda  and 
water  were  boiled  and  yielded  0.074  carbondioxide.  while  from 
later  data  0.181  should  have  been  expected,  if  the  acids  were 
really  available,  /.  c,  in  a  free  state.  The  stability  of  about 
two-thirds  of  the  mass  seems  decidedly  in  favor  of  the  assump- 
tion that  these  bodies  are  present  as  anhydrides. 

That  shellac  is  soluble  in  carbonate  of  soda  solution  has  given 
rise  to  the  assumption  that  it  is  a  free  acid.  If  it  were,  the 
whole  of  the  calculated  CO2  should  have  been  given  up.  In  fact 
shellac  acts  precisely  the  same  as  many  other  oxy  compounds, 
which  show  acid  properties  even  in  the  absence  of  available 
carbonyl  groups. 

Hydration  of  shellac  by  means  of  caustic  soda  or  potash  pro- 
duces Benedicts'  liquid  shellac,  which  leaves  the  myricyl  alcohol 
behind.  There  is  also  another  body  set  free,  though  only  in 
minute  quantity.  When  the  distillation  from  which  the  myricyl 
alcohol  has  been  eliminated  is  performed  in  a  still  it  passes  over 
with  the  water  vapors.  It  possesses  the  odor  of  geraniol,  but  later 
on  crystallizes.  \\'orking  on  a  rather  large  scale  I  obtained  from 
100  shellac  "D.  C' — 
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4.5%  Myricyl  alcohol. 

8.0%  Acids  (apparently  not  oxy  acids,  and  not  con- 
densable by  acids,  and  other  impurities.  ) 

o-   r-cf  \  27.o%of  a  water  soluble  acid (o.xyacid  crystallizable). 

/  o  /o  I  60.5%  of  an  oily  oxy  acid,  but  slightly  soluble  in  water, 

besides    coloring    matter    and    other    impurities.     Hydration    is 

established   when   we  ccjnsider  that   100  parts  of  shellac  yields 

104.5  parts  products. 

Dehydration  may  be  reached  in  two  ways.  If  shellac  is  kept 
liquid  above  its  melting  pc^int  for  a  considerable  period  of  time  it 
becomes  gradual)}'  tliicker  and  finally  reaches  a  point  when  it  be- 
comes a  gelatinous  mass,  which  on  cooling  resembles  rubber. 
This  process  is  accompanied  with  a  loss  of  weight. 

This  process  can  be  much  accelerated  when  we  treat  shellac 
with  a  concentrated  mineral  acid,  like  hydrochloric  acid.  It 
thickens  at  first,  then,  while  moist,  becomes  like  India  rubber. 
The  greater  portion  is  insoluble  in  alcohol  and  always  contains 
the  wax  and  chlorine  and  for  this  reason  is  hardly  useful  for 
quantitative  determinations  in  analytical  work.  Alcohol  extracts 
from  this  about  8%  of  organic  acid  and  inorganic  salts,  etc..  not 
condensed  or  dehydrated  by  this  treatment. 

If  liquid  shellac  is  extracted  with  water,  about  159^  of  a  solu- 
l)le  crystallizable  acid  is  easily  removed.  The  rest,  or  about  12% 
HKjre,  is  better  removed  by  redissolving  the  residue  in  alkali  and 
re-precipitating  with  acid  from  very  dilute  solution.  It  is  then 
recovered  from  the  aqueous  solution  after  concentration  and 
cooling. 

Some  of  the  insoluble,  or  rather  very  difficultly  soluble,  oily 
non-crystallizable  acids,  however,  go  into  solution.  In  order  to 
separate  the  latter,  concentrate  the  solution  somewhat  until  some 
of  the  acid  will  crystallize  on  cooling.  This  will  carry  the  oily 
acid  with  it.  The  filtrate,  on  further  concentration,  will  leave 
the  crystallizable  acid  in  a  far  higher  state  of  purity. 

Repeat  this  several  times,  using  always  the  mother  liquors  for 
the  purer  product.  The  acid  finally  obtained  by  this  manipula- 
tion is  a  ])ure  white,  very  light,  powder,  which  under  the  micro- 
scope appears  in  the  form  of  rhombic  plates  or  leaflets.  One  part 
dissolves  in  about  40  parts  of  water  at  the  onlinary  temperature. 
Oxidation  with  i)ermanganate  produced  a  very  difficultly  soluble 
acid  which  \icl(ls  in  the  a\era£re 
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C.      57.33 
H.       9.03 
Hence  resembling  azelaic  acid. 

This  crystallizable  acid  from  shellac  melts,  when  air  dry,  at 
97-5°  C. ;  and  when  dried  under  air  pump,  at  98.3^  C. 

]\Ielted  at  102°  C.  and  tested  next  day  melts  at  89°  to  94.5°  C 
(anhydride  formed  in  part.) 

On  combustion  this  crystallizable  acid  yields,  dessicator  dry: 

;  Calculated  for  CieHasOs. 

C.  63.15  63.096 

H.  10.53  10.614 

Kquivalent  by  titration  304  very  sharp. 

In  another  preparation  dried  by  heat,  301  304.3 

This  acid  Ci^HggOg  has,  therefore,  a  composition  correspond- 
ing to  trioxypalmitic  acid.  Evaporated  with  hydrochloric  acid 
the  crystals  do  not  reappear ;  either  an  anhydride  or  a  lactone  be- 
ing formed.     Chlorine  also  is  present. 

For  instance,  the  crystallizable  oxy  acid  when  dehydrated  by 
hydrochloric  acid  loses  in  weight  2.79%  but  it  also  contains 
6.3%  chlorine,  very  likely  introduced  into  the  acid  by  the  reaction 
of  the  hydrochloric  acid  with  one  or  more  of  the  hydroxyl  groups 
contained  therein.  The  oily  oxy  acids  behave  the  same;  they 
lose  in  weight  by  heat  and  either  substitute  chlorine  or  add  H.  CI. 
for  the  reason  that  they  are  unsaturated  compounds. 

Other  rosins  examined,  and  especially  pine  rosin,  remain  per- 
fectly unchanged  by  the  hydrochloric  acid  treatment. 

Aleuretic  acid  CigHgt-O^  was  not  met  with,  for  its  equivalent 
would  be  246,  according  to  Farner.  but  its  composition  of  C.  and 
H.  yields  figures  very  nearly  those  found  by  me,  namely,  C  63.4 
H  10.6,  and  it  melts  at  101.5^  C.  The  acid  Ci^HggOg  crystallizes 
well  even  in  the  presence  of  the  liquid  acid,  and  the  melting  point 
would  be  enhanced  by  some  of  this  liquid  acid  being  present,  for 
the  reason  that  in  drying,  preliminary  to  the  determination  of  the 
melting  point,  a  high  temperature  might  be  employed  which 
would  produce  lactones  of  the  liquid  acid  which  do  not  melt 
readily.  I  dry  either  below  100  or  by  means  of  H2SO4  under 
the  air  pump. 

It  has  been  suggested  that  it  was  important  to  determine  the 
actual  constitution  of  this  trioxypalmitic  acid.  I  do  not  consider 
this  necessary  for  a  paper  of  this  kind.  However,  the  formation 
of  azelaic  acid  would  suggest  the  presence  and  position  of  one 
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hydroxyl  group.  It  is  certain  only  that  the  theory  of  Farner, 
that  butyric  acid  would  be  formed  while  convenient  to  h''s  aleuretic 
acid  formula,  could  not  be  verified.  4.5  grms  of  trioxypalmitic 
acid  treated  in  strongly  alkaline  solution  with  permanganate  of 
potash,  yielded  after  acidification  a  steam  distillate  practically  free 
from  volatile  acid,  requiring  0.032  XaOH  for  neutralization, 
and  no  odor  of  butyric  acid.  About  0.067  grms  of  an  indifferent 
body  could  be  extracted  from  the  peroxide  of  manganese,  and 
both  are  very  likely  but  by-products  of  the  reaction. 

A  great  difficulty  with  these  oxyacids  exists  in  the  ease  with 
which  they  form  anhydrides  and  lactones  as  is  shown  by  the 
change  in  melting  point  and  acidity,  when  they  are  subjected  to 
high  temperatures  above  90°  C.  If  the  water  thus  lost  were 
water  of  crystallization  the  acidity  of  the  remaining  bodies  should 
be  enhanced,  but  instead  of  this  the  acidity  is  lowered. 

The  liquid  acid,  or  rather  acids,  have  not  been  studied  by  try 
ing  to  isolate  special  compounds.  As  obtained  they  are  mix- 
tures of  condensable  as  well  as  non-condensable  acids,  1.  e.,  such 
as  are  converted  into  lactones  and  anhydrides  and  such  as  are  not. 
While  under  water,  these  acids  are  liquid,  but  when  dried 
under  the  air  pump,  or  at  85°  to  90°  C,  they  become  quite  thick 
and  will  no  longer  How,  resembling  a  very  concentrated  solution 
of  gum  arable.  Dried  first  under  the  air  pump  they  still  lose 
about  1 .25%  water  when  dried  at  85°  to  95°  C.  for  twenty-four 
hours.     On  coml)Ustion  they  then  yielded 

Dried  by  heat  below  98°C.  Dried  un<'er  air  pump  only. 

C.  65.76  64.94 

H.    9.71  972 

Equivalent  by  titration  288  (287.9)  in  water  and  alcohol  mixed 
solution  for  sample  dried  under  air  pump  only. 

There  is  in  this  nothing  to  show  but  that,  considering  the  ratio 
of  C  to  H  in  this  mixture  it  is  evident  that  there  is  less  H  than  in 
the  crystallizable  acid,  leading  to  the  conclusion  that  these  acids 
are  rather  (jjeic  oxy  derivatives  or  such  as  are  derived  from  other 
derivatives  of  the  oleic  series. 

The  combined  shellac  acids  dchydrolized  by  hydrochloric  acid, 
then  extracted  successively  with  lioiling  water,  alcohol  and  ether 
left  a  residue 

C.      67.87 
H.       9.16 
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Besides  these  we  find  non-condensable  acids,  wax,  coloring 
matter,  etc.  Iodine  No.  ==16.56.  1'he  non-condensable  rosins 
of  a  good  shellac  possess  ^  wax-like  consistency  and  impart  to  the 
shellac  elasticity,  which  cannot  be  accomplished  by  such  rosins  as 
pine  rosin  and  similar  hard  alcohol  soluble  resins.  These  rather 
decrease  the  elasticity  by  distributing  these  good  qualities  of  a 
normal  shellac  over  a  larger  bulk.  I  examine,  therefore,  the 
physical  properties  of  the  non-condensable  resins.  They  should 
show  the  consistency  of  a  soft  wax. 

I  have  based  upon  these  observations  a  method  of  analysis 
carried  out  in  my  laboratory  for  the  past  six  years,  which  is  as 
follows : 

ANALYSIS. 

Sand  is  incinerated  for  the  destruction  of  organic  material  and 
subsequently  extracted  by  hydrochloric  acid,  washed  and  dried 
and  again  ignited.  This  is  far  preferable  to  ground  glass,  which 
is  partl}^  dissohed  by  the  H.  CI  used  in  the  subsequent  treatment. 

The  shellac  to  be  tested  is  always  finely  pulverized. 

Two  grams  of  shellac  in  a  porcelain  dish  are  intimately  mixed 
with  10  grams  of  sand.  The  mixture  is  then  moistened  with 
about  4  c.c.  of  alcohol  and  shortly  after  with  about  10  c.c.  concen- 
trated muriatic  acid.  Transfer  to  a  water  bath  and  evaporate  to 
dryness.  Repeat  these  manipulations  once  or  twice  and  finally 
heat  the  dry  residue  in  an  air  bath  to  105  degrees  C.  for  two  (2) 
hours.  After  cooling  add  20  c.c.  95%  cold  alcohol  and  let  soak 
over  night.  Decant  the  alcohol  through  a  filter  into  a  weighed 
fiask.  The  residue  is  then  thoroughly  disintegrated  and  re- 
peatedly extracted  by  alcohol  in  20  c.c.  portions  until  the  filtrate 
in  the  fiask  measures  about  150  c.c.  or  more.  If  the  alcohol  is 
evaporated  it  leaves  the  rosins  and  fatty  acids  (not  oxy  acids)  and 
not  condensable  by  muriatic  acid.  If  this  residue  is  to  be  exam- 
ined for  pine  rosin,  dissolve  some  in  concentrated  sulphuric  acid 
and  sprinkle  lightly  upon  it  some  cane  sugar  crystals. 

In  the  presence  of  pine  rosin  at  first  a  red  violet  coloration  ap- 
pears, which  later  becomes  blue.  Do  not  test  the  original  shellac 
by  this  method. 

These  non-condensable  rosins  are  those  which  mainly  interest 
the  merchants.     They  want  to  know  how  much  of  such  incon- 
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densable  rosins  are  present,  or  how  much  in  excess  of  what  is 
found  in  the  best  mark  of  commerce. 

']"he  Ijest  shellac  contains  about  S'/f  of  these  non-condensable 
rosins,  and  anything  in  excess  must  be  adulteration  or  show  in- 
feriority. Many  have  thought  that  the  only  thing  of  importance 
is  the  ap])roximate  determination  of  pine  rosin  or  colophony,  but 
my  investigations  have  clearly  shown  to  me  that  many  brands 
of  shellac  with  as  much  as  16%  of  alcohol  soluble  non-condens- 
able rosins  are  perfectly  free  from  pine  rosin,  while  others  con- 
taining no  more  are  adulterated  with  pine  rosin.  Langmuir's 
iodine  test  exaggerates  or  diminishes  the  pine  rosin  present.  So 
does  Mcllhenny's  bromine  method.  For,  for  the  same  iodine 
numl)er,  we  may  calculate  widely  different  rosin  contents. 

A  shellac  showing  an  iodine  number  =  71 .62  contains  accord- 
ing to  Langmuir  25.5^/^  rosin,  but  if  we  substitute  the  lowest  or 
highest  iodine  Nos.  of  rosin  in  the  calculation  for  actual  rosin 
present,  we  obtain  figures  indicating  22^/c  rosin  or  34'',/^  rosin,  a 
range  of  uncertainty  amounting  to  \2^/( .  Moreover,  pine  rosin 
is  certainly  not  the  only  adulterant  to  be  looked  for. 

If  one  contracted  to  furnish  a  shellac  with  no  more  than 
207^  rosin,  to  be  determined  by  iodine  absorption,  one  could 
easily  add  5'/  and  more  in  excess  of  one's  contract  and  remain 
safe,  provided  one  uses  a  pine  rosin  with  a  low  iodine  No.  By 
my  method  this  scheme  is  balked. 

As  said  before,  good  pure  shellac  contains  only  alx)Ut  8''/r  of 
non-condensable  and  alcohol  soluble  rosin,  salts,  etc.,  yet  I  fcnind 
shellacs  which  contain  i67r  of  non-condensable  rosins.  These 
might  be  furnished  from  the  plant  upon  which  the  insect  is  grown 
f)r  might  have  been  added.  What  we  desire  tt)  know  is  the  total 
of  such  not  condensable  rosins,  or  the  excess  over  87^ .  This  non- 
condensable  matter  when  obtained  from  the  l)est  shellac  consists  of 
about  15%  of  salt,  alcohol  and  water-soluble  organic  matter  de- 
rived from  the  shellac  and  85  7r  of  resinous  residue  and  fat. 

A  quantity  over  8'/  of  alcohol  extracts  is,  however,  not  nec- 
essarily an  adulterant.  It  is  in  part  due  to  the  manufacture  of 
shellac  from  the  crude  material.  This  latter  is  packed  in  bag- 
ging, heated  and  pressed.  The  better  shellac,  the  blond  varie- 
ties, are  obtained  first.  Reheating  and  additional  pressure  give 
higher  colored  varieties,  which  are  also  richer  in  this  peculiar 
hard  rosin  found  in  shellac.     Thev  would,  th.erefore.  not  be  reallv 
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adulterated,  but  only  indicate  inferiority,  though  an  addition  of  a 
similar  rosin  and  not  pine  rosin  is  by  no  means  out  of  the  ques- 
tion. How  much  is  due  to  the  nature  of  the  plants  upon  which 
the  insect  is  grown  cannot  be  determined  here  but  only  at  the 
place  of  manufacture. 

If  the  wax  is  to  be  determined  this  can  be  done  in  a  separate 
portion,  either  by  alcohol  or  by  using  a  solution  of  carbonate  of 
soda  or  caustic  soda  as  the  solvent  and  collecting  the  undissolved 
portion,  which  is  the  wax  or  myricyl  alcohol. 

The  influence  of  hydrochloric  acid  incompletely  removed  from 
precipitated  shellac  also  illustrates  the  formation  of  an  alcohol- 
insoluble  shellac  after  the  same  has  been  heated  in  boiling  water 
and  then  spun  and  dried. 

From  the  results  obtained  we  calculate  the  actual  addition  of 
foreign  rosins  as  follows : 

Let  the  standard  be  8%  non-condensable  matter  and  Y  be  the 
percentage  quantity  of  such  matter  found  in  a  shellac  under  exam- 
ination.    Then  we  have : 

(100  —  8)  :8=(ioo  — Y)  :X. 

and  Y  —  X  is  the  quantity  of  non-condensabh  matter  added  to 
this  shellac. 

Say  we  find  13%  non-condensable,  then  we  have: 

92  :  8^87  :  X.  X=  7.56%  due  to  the  pure  shellac  in  the 
mixture. 

13  .  00  —  7 .  56  ^  5-44  rosin  added. 

To  test  the  method  I  used  a  shellac  already  adulterated  giving 
non-condensable  matter  12.22. 

7.5  grms.  of  this  shellac  were  melted  together  with  2.5  grm§.  of 
rosin. 

From  I  gram  of  this  mixture  examined  by  my  method  0.3425 
were  obtained  as  non-condensable.     We  then  have 

87.78  :  12.22  =  65.75  :X;     X  =  9.i5. 

34.25%  — 9-15%  =25.1  rosin  added  in  place  of  25%  ac- 
cording to  the  mixture  made,  and  in  excess  of  the  quantity  al- 
ready present. 

I  have  been  asked  in  all  seriousness  by  so-called  shellac  ex- 
perts, what  is  the  use  of  examining  shellac  if  not  for  pine 
rosin?  If  pine  rosin  were  the  only  adulterant  this  question 
would  be  relevant.  But  pine  rosin  is  not  the  only  one,  and  it 
does  not  matter  from-the  standpoint  of  the  consumer  or  buyer 
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whether  the  resinous  matter,  in  excess  of  a  standard,  is  contained 
in  the  shellac  as  produced  by  the  insect  growing  on  a  special  plant 
or  whether  it  has  been  added.  This  excessive  resinous 
matter  is  harder  and  not  wax-like  and  does  not  improve  the 
shellac,  and  it  is  useless  to  ascertain  its  origin;  it  tends  to  deterior- 
ate the  shellac  and  should  regulate  the  price  downward. 

To  Mr.  J.  \V.  Paisley  I  herewith  express  my  thanks  for  his 
valuable  assistance. 


Book  Notices. 

Gas,  Gasoline  and  Oil  Engines,  including  Producer-Gas  Plants.  A  new,  com- 
plete and  practical  work  on  gas,  gasoline,  kerosene,  and  crude  petroleum 
engines,  including  producer-gas  plants  for  gas-engine  owners,  gas  en- 
gineers, and  intending  purchasers  of  gas-engines,  fully  describing  and 
illustrating  the  theory,  design,  construction,  and  management  of  the 
explosive  motor  for  stationary,  marine,  and  vehicle  motor  power,  by 
Gardner  D.  Hiscox,  M.E.  Including  a  list  of  United  States  patents 
issued  on  the  gas-engine  industry  to  the  present  time.  A  new  book 
from  cover  to  cover,  entirely  reset,  revised,  and  enlarged.  Illustrated  by 
three  hundred  and  fifty-one  engravings.  Fifteenth  edition  New  York, 
Norman  W.  Henley,  Publishing  Co.,  1906.  442  pages,  8vo.  Cloth, 
price,  $2.50. 

The  title  fully  describes  the  object  of  the  work.  The  present  edition  in- 
cludes the  most  recent  information  on  the  explosion  motor  and  covers  all 
branches  of  this  growing  industry. 

The  work  will  appeal  to  the  gas  engineer  and  all  who  are  interested  in 
this  modern  form  of  engine.  The  list  of  United  States  patents  covers  the 
subjects  of  gas,  gasoline,  and  oil  engines  and  their  adjuncts  from  1875  to 
date. 

We  also  find  here  the  rules  and  regulations  of  the  Board  of  Fire  Under- 
writers relating  to  the  installation  and  management  of  gasoline  motors. 

R. 


Resistensa  dei  Materiali  e  Stabilita  delle  Costruzioni  ad  uso  degli  Ingegneri, 
Capomastri  costruttori,  ccc.  Ing.  Dr.  Guido  Sandrinelli.  Edizione  com- 
pictanuntc  rinnovata  del  Manuale  del  defunto  Pietro  Gallizia.  Manuali 
Hnepli.  471  pages,  illustrations.  24mo.  Milano,  Ulrico  Hoepli,  1905. 
Price,  cloth,  lire  5.50. 

The  engineer  who  has  a  working  knowledge  of  Italian  will  find  this 
little  work  useful.  It  is  a  reference  book  on  the  entire  subject  of  the 
strength  and  resistance  of  materials  in  their  relations  to  architecture  and 
engineering.  The  writer  has  made  free  use  of  the  standard  works  in  other 
languages  and  has  also  drawn  from  the  old  Italian  work  of  Pietro  Gallizia. 
The  result  is  a  convenient  little  hand-book  for  the  constructing  en- 
gineer. R. 
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La    Ceramique   Industrielle.     Chimie-Technologie    par    Albert    Granger.     644 

pages,  illustrations,  8vo.     Paris,  Gauthier-Villars,  1905.     Price,  cloth,   17 

francs. 

The  work  is  a  complete  treatise  on  pottery,  beginning  with  the  raw 
material  and  taking  the  reader  through  the  various  stages  to  the  finished 
product.  Bricks,  terracotta,  earthenware,  porcelain,  all  are  treated.  The 
chapters  on  coloring,  glazing  and  enamels  deal  with  the  chemical  as  well  as 
the  practical  side.  The  modern  forms  of  ovens  and  kilns  are  described  and 
illustrated. 

The  author  has  produced  a  convenient  reference  book,  which  is  sup- 
plied with  a  good  index  and  a  brief  vocabulary,  in  three  languages,  of  the 
principal  terms  used  in  ceramics.  R. 


Experiments  in  Applied  Electricity,  by  Arthur  J.  Rowland  and  William  B. 
Creagmile.  181  pages,  illustrations.  i2mo.  New  York,  McGraw  Publish- 
ing Co.     1905.     Price,  cloth,  $1.25. 

This  hand-book  is  intended  to  meet  the  wants  of  students  in  technical 
and  manual  training  schools  who  have  only  a  limited  time  to  devote  to  the 
study  of  electricity. 

The  authors  have  had  an  experience  covering  several  years,  and  while 
they  have  planned  their  little  work  to  meet  the  needs,  chiefly,  of  their  own 
students  of  Drexel  Institute,  it  can  be  introduced  without  inconvenience  into 
any  school  where  electricity  forms  a  part  of  a  course  in  physics.  The  ex- 
periments noted  cover  the  subject  of  electrostatics,  magnetism,  battery 
and  dynamo  currents. 


L'Annce  Technique,  1903-1904,  par  A.  Da  Cunha,  preface  par  Henri  Moissan. 

303  pages,  illustrations,  4to.     Paris,  Gauthier-Villars,  1904.     Paper,  price, 

3.50  francs. 
L'Annce  Technique,   1905,  par  A.   DaCunha.   preface   de  Albert   Dastre.     232 

pages,    illustrations,    4to.     Paris,    Gauthier-Villars,    1905.     Paper,   price, 

3.50  francs. 

These  two  volumes  form  a  report  of  progress  in  the  industrial  arts  of  the 
world. 

The  subjects  included  are  architecture  and  building,  railroads  and  trans- 
portation, lighting  and  heating,  and  applied  physics. 

It   is   interesting  to   note   the   numerous   reports   on   American   achieve- 
ments. 

There  are  many  good  illustrations  and  the  information  is  valuable.     The 
series  will  be  useful  as  a  work  of  reference.  R. 


Die  Hemmungcn  der  Uhren,  ihre  Entwickelung,  Konstruktion,  Reparatur  und 
Behandlung  vor  der  Reglage,  nebst  zugehorigen  Tabellen.  zahlreichen 
Abbildungen  und  sechs  Portrats.  Allgemein  verstiindlich  fiirUhr-Macher, 
Ingenieure,  Techniker,  u.  s.  w.  bearbeitet  von  C.  Dietzschold.  234  pages, 
illustrations,  Svo.  Forming  Vol.  I  of  C.  Dietzschold's  Uhrmacher- 
Bibliothek.     Krems  a.  D.,  the  Author,  1905. 

Horology  has  not  been  neglected  by  writers,  but  this  is  the  first  modern 
work  vyliich, treats  fully  the  subject  of  escapements.  It  covers  development, 
consti(,\4Ctio;9.,  repairing,  and  handling,  and  describes  all  the  important  forms 
of  escsR«.Q>jQlits,  historically,  theoreticallv,  ,and;-,|>f^9t;jq^lly,.  The  work  is 
well  illustrated  and  carefully  printed.     The  author  intends  publishing, -at  in- 
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tervals  of  two  or  three  months,  a  series  of  Volumes  covering  all  the 
ibranches  of  watch-  and  clock-imaking.  The  first  volume  is  a  good  begin- 
ning, and  it  is  hoped  that  the  undertaking  will  receive  sufficient  encourage- 
ment to  make  it  possible  to  continue  the  series  until  the  entire  field  is 
■covered.  R. 


Foods  iind  their  Adulterations ;  origin,  manufacture,  and  compositicjn  of  food 
products:  description  of  common  adulterations,  food  standards,  and 
national  food  laws  and  regulations.  By  Harvey  W.  Wiley.  M.D.,  Ph.D. 
625  pages.  86  illustrations.  11  colored  plates.  8vf).  Philadelphia.  P. 
Blakiston's  Son  &  Co..  1907.     Price,  cloth,  $4.00  net. 

Dr.  Wiley,  in  the  preface  of  his  new  book,  says  in  part:  "This  manual 
is  descriptive  in  character  and  aims  to  give,  within  its  scope,  as  thoroughly 
and  intelligibly  as  possible,  on  account  of  the  various  food  products  in  com- 
mon use  in  their  natural  and  manufactured  conditions,  with  the  usual  adul- 
trations  which  have  been  found  therein.  It  includes  information  re- 
garding Methods  of  Preparation  and  Manufacture.  Food  Values.  Stand- 
ards of  Purity.  Regulations  for  Inspection,  Simple  Tests  for  Adulterations. 
Effects  of  Storage,  and  similar  matters  pertaining  to  the  subject.  It  has 
been  designed  to  interest  the  consumer,  as  well  as  the  manufacturer,  the 
scientific  as  well  as  the  general  reader,  all  of  whom  it  is  hoped  will  find 
in  it  something  useful.  The  consumer  is  eiltitled  to  know  the  nature  of 
the  product  offered,  the  manufacturer  and  dealer  the  best  methods  of 
preparation.  It  will  give  the  physician  and  sanitarian  knowledge  of  the 
value  of  foods,  their  proper  use  and  inspection,  and.  while  not  analytical  in 
l)urpose,  will  provide  the  chemist  with  information  which  will  guide  him 
in  his  work  of  detecting  impurities." 

The  crusade  Dr.  Wiley  has  made  and  is  making  in  the  interest  of  a 
nation  fully  aroused  on  the  (juestion  of  purer  foods  is  well  known.  His 
-extensive  experience  and  llu-  facilities  he  has  at  his  command  qualify  him 
to  write  authoritativelv  and  interestinglv  on  this  subject. 

R. 


Correspondence. 

^)n  the  Speeii  of  the  luvisible  Porfions  of  the  Speetruvi.     AnniTioxAL  NoTE. 

I  desire  to  supply  an  unintentional  omission  in  the  Boydcn  Prize  Memoir 
as  published  in  the  August  number  of  the  Journal.  The  reference  is  to  the 
work  of  Hertz,  who,  in  1888,  showed  that  the  long  electromagnetic  ether- 
waves  travel  with  a  speed  which  differs  from  that  of  the  visible  light  waves 
by  less  than  one  per  cent.,  while  their  length  is  a  million  or  more  times 
iis  great.  Our  belief  in  the  uniform  sik'^^'(1  0/  travel  of  the  ultra  red  waves  is 
therefore  of  the  nature  of  an  interi)olation.  while  the  similar  assumi)tion  for 
the  ultra  violet  waves  was  (until  recently)  a'"nv^:^trat><Vhi,tion. 

■'■'■'  "•''     P.\iL  R.  Hkvi.. 
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The   Franklin    Institute* 

(Proceedings  of  the  stated  meeting  held  Wednesday,  September  i8th,  1907.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  September    i8th,  1907. 
President   Walton    Clark    in   the    chair. 

Present,  fifty  members  and  visitors. 

Additions  to  membership  since  last  report,  eleven. 

The  President  called  the  attention  of  the  meeting  to  the  award  of  the 
Boyden  Premium,  which  had  been  made  by  a  committee  of  the  Institute  to 
Dr.  Paul  R.  Heyl,  of  Central  High  School;  and  after  expressing  the  satis- 
faction of  the  Institute  at  having  been  the  instrument  of  executing  Mr. 
Boyden's  trust  and  at  the  award  having  been  gained  by  a  Philadelphia  sci- 
entist, called  upon  the  Secretary  for  a  statement  of  the  nature  of  the  trust 
and  the  conditions  of  the  award.  The  Secretary  thereupon  gave  a  detailed 
review  of  the  entire  subject. 

At  the  conclusion  of  the  Secretary's  remarks  he  handed  the  President  a 
certified  check  for  the  sum  of  One  Thousand  Dollars.  The  President  then 
called  Dr.  Heyl  to  the  floor,  and  after  congratulating  him  on  his  achieve- 
ment, formally  presented  the  check  to  him.  Dr.  Heyl  expressed  his  thanks 
and  proceeded  to  give  a  description  of  the  entire  subject  matter  of  his  in- 
vestigation. Dr.  Heyl  opened  his  remarks  with  a  historical  review  of  the 
status  of  the  question  propounded  by  Mr.  Boyden  at  the  time  when  the 
trust  was  instituted,  in  1859;  and  noted  that  while  the  question  was  at  the 
time  one  of  the  most  mooted  in  physical  science,  it  has  since  been  relegated 
to  one  of  secondary  importance  by  the  advance  of  science  in  general.  There 
still  remained,  however,  the  requirement  of  a  positive  demonstration  of  the 
fact  that  had  otherwise  been  determined  by  various  analogies:  that  all 
rays  of  light  and  other  physical  rays  travelled  with  the  same  velocity,  and 
this  demonstration  he  had  been  enabled  to  make  photographically  for  the 
ultra-violet  rays.  Dr.  Heyl's  communication  was  mainly  a  popular  state- 
ment of  the  data  contained  in  his  memoir  on  the  subject  already  published 
and  was  illustrated  with  lantern  slides  and  diagrams.  At  the  con- 
clusion of  Dr.  Heyl's  discourse,  in  response  to  requests  from  the  President, 
various  aspects  of  the  matter  were  reviewed  successively  by  Dr.  Robert 
Ellis  Thompson,  Principal  of  the  Central  High  School;  Prof.  M.  B.  Snyder, 
Director  of  the  Dept.  of  Physics;  Prof.  Harry  F.  Keller,  Director  of  the 
Dept.  of  Chemistry,  and  Prof.  Ernest  Lacey,  Director  of  the  Dept.  of 
English  in  the  High  School. 

The  President  then  introduced  Mr.  Louis  Edward  Levy,  member  of  the 
Board  of  Managers,  who,  on  behalf  of  the  Institute,  delivered  a  eulogy  of 
the  late  Prof.  Angelo  Heilprin.  During  Mr.  Levy's  remarks  a  portrait  of 
Prof.  Heilprin  was  shown.  Mr.  Levy's  remarks  took  the  form  of  a  memoir 
in  which  the  life  work  of  Prof.  Heilprin  was  briefly  reviewed. 

At  the  conclusion  of  the  meeting  it  was  unanimously  voted,  on  motion 
by  Dr.  Goldsmith,  seconded  by  Dr.  Williams,  that  Mr.  Levy's  paper  be  re- 
ferred to  the  Committee  on  Publications  w'ith  the  recommendation  that  it 
be  published  in  the  Journal. 

On  motion,  duly  seconded,  a  vote  of  thanks  was  adopted  and  extended 
to  the  speakers  of  the  evening,  and  the  meeting  was  adjourned. 

Wm.  H.  Wahl,  Secretary. 
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{^Stated meeting  held  Wednesday^  September  iStli^  ^9(^7  ) 


3n  ilfmortam 


Angelo   Heilprin. 


Memorial  Address  delivered  before  the  Franklin  Institute  Sep- 
tember i8th,  1007 

BY  Loi'is  Edwarh  Levy. 


Through  the  death  of  Professor  Angelo  Heilprin.  on  the  17th 
of  July  last,  the  Franklin  Institute  lost  not  only  one  of  its  most 
distinguished  members,  but  also  one  of  the  most  welcome  of  its 
frequent  lecturers  and,  in  common  with  the  world  of  science  gen- 
erally, a  recognized  leader  in  the  search  for  knowledge.  While 
Professor  PIcilprin's  researches  dealt  primarily  with  the  natural 
sciences,  their  results  led,  as  does  e\ery  enlargement  of  our 
Vol..  CLXIV.    No.  983.  21 
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knowledge,  to  a  better  understanding  of  our  true  relation  to  sur- 
rounding nature  and  a  clearer  comprehension  oi  its  workings. 
Applied  to  our  daily  life,  this  deeper  insight  into  the  facts  of 
nature  brings  us  to  a  more  normal  attitude  towards  its  varying 
manifestations  and  enables  us  to  deal  more  efifectively  with  its 
various  forces. 

No  better  illustration  of  these  conditions  need  be  cited  than 
that  presented  by  the  paramount  influence  of  Professor  Heilprin's 
work  in  determining  the  location  of  the  inter-oceanic  canal  across 
the  Isthmus  of  Panama,  instead  of  along  the  more  facile  and  in 
certain  other  respects  more  desirable  route  through  Nicaragua. 
The  respective  merits  and  difficulties  of  these  two  routes  had  been 
debated  for  years  by  experienced  engineers,  by  learned  geologists, 
by  journalists  and  by  statesmen,  and  when  the  choice  was  finally 
to  be  made  by  act  of  Congress,  the  Senate  wavered  in  its  decision, 
many  of  its  members  remaining  undecided  in  their  opinion.  At 
tliis  juncture  Heilprin,  then  investigating  the  volcanic  conditions 
attending  the  catastrophe  at  Mont  Pelee.  announced  his  con- 
clusions' through  the  Philadelphia  Press.  In  a  telegram  to  that 
journal  he  said : — "My  studies  of  what  has  happened  here  throw 
added  light  on  the  Isthmian  Canal  question.  The  catastrophism 
here  is  without  parallel.  Its  relation  with  conditions  at  St.  Vin- 
cent establishes  the  certainty  of  a  long  volcanic  circuit,  whose 
existence  should  dispose  of  Nicaragua  as  a  canal  route."  His 
telegram  closed  with  the  statement  that  "The  facts  all  prove  the 
broad  reach  of  volcanic  force,  and  that  reliance  for  the  protec- 
tion of  a  canal  running  through  a  volcanic  country  like  Nica- 
ragua, on  the  localization  of  volcanic  force,  its  assumed  dor- 
mancy, or  the  resistibility  of  the  canal  to  its  destructive  action, 
is  absurd." 

The  effect  of  this  announcement  was  decisive.  It  brought  con- 
viction to  the  minds  of  Senators  who  had  remained  unconvinced 
by  the  arguments  presented  by  Senator  Hanna  and  other  lead- 
ing advocates  of  the  Panama  route,  and  left  the  Nicaragua  pro- 
ject but  a  small  minority  of  supporters,  headed  by  Senator  Mor- 
gan of  Alabama.  But  it  was  not  only  in  Congress  that  Heil- 
prin's authoritative  announcement  brought  conclusion  to  this 
much  vexed  question.  His  investigations  influenced  public  opin- 
ion on  the  subject  throughout  the  country  and  settled  it  perman- 
entlv  in  favor  of  the  Panama  route. 
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"It  is  characteristic  of  Professor  Heilprin  "  says  I  he  Ficss  in 
its  recent  chronicle  of  the  scientist's  death,  "that  in  this,  as  in 
other  matters,  he  profited  not  a  penny,  though  in  the  final  trans- 
fer of  the  Panama  interests  to  the  United  States,  many  men  ob- 
tained millions  foi  services  of  atriHing  character  compared  with 
those  which  he  had  rendered."  Absolute  disinterestedness  was 
not,  however,  the  only  shining  quality  of  Heilprin's  character. 
He  was  as  blithe  and  genial  as  he  was  earnest  and  resolute,  as 
modest  and  unassuming  as  he  was  fearless  and  determined.  In 
the  pursuit  of  his  investigations,  whether  in  the  fire-scathed  ruins 
of  St.  Pierre  ur  amid  the  icy  wastes  of  the  frozen  north,  or  sur- 
veying the  plateau  of  Mexico  from  the  snow-capped  summit  of 
Orizaba.  Heilprin's  purpose  was  simply  that  of  the  student  scien- 
tist, whose  function  is  first  of  all  to  bring  to  light  the  truth.  It 
was  tor  this  that  he  repeatedly  climbed  Pelee  and  with  death  and 
destruction  threatening  close  about  him  made  a  deliberate  and 
careful  study  oi  its  fiery  outpour  while  the  v(^lcano  raged  in  all 
its  fury  and  was  going,  as  he  himself  expressed  it,  "in  full  l)last." 

In  a  volume  entitled  "Mont  Pelee  and  the  Tragedy  of  Mar- 
tinique," the  story  of  his  findings  is  simply  but  graphically  told. 

As  he  had  pressed  into  the  stormy  wastes  of  the  Arctic  wilder- 
ness in  search  of  Peary  ten  years  before,  he  in  this  wilderness 
of  fire  pressed  farther  and  farther  toward  the  summit  of  the 
volcano,  until  he  stood  high  among  the  clouds,  amid  lightning 
flashes  and  rolling  thunder,  and  under  a  torrent  of  rain,  with  the 
outpotu-  from  the  crater  blackening  the  air  about  him  and  his 
few  companions,  and.  in  his  own  words,  "as  an  unseen  neigh- 
bor of  one  <jf  the  mightiest  destroying  engines  of  the  globe." 
On  the  first  ascent  the  rain  storm  forced  him  to  retire,  but  on  the 
following  day,  with  George  Kennan.  Jaccaci  and  Varian.  he  as- 
cended again  and  pushed  through  a  .scorching  heat  to  within 
four  feet  of  the  fiery  abyss,  standing  on  a  foothold  of  the  stability 
•  of  which  he  knew  nothing  and  looking  directly  down  into  the 
crater's  mouth.  Kennan,  in  his  report  of  the  ascent,  remarks: 
"I  must  pay  the  highest  possible  tribute  to  Heilprin.  He  is 
UKidest  and  brave,  a  superb  mountaineer  and  the  nerviest  and 
pluckiest  man  I  ever  knew.  The  ascent  was  the  most  terrifying 
experience  of  my  life."  In  his  own  narrative  Heilprin  says:  "T 
felt  that  finally  I  had  stood  over  Nature's  great  laboratory  and 
been  permitted  to  study  some  of  its  workings.     Manv  years  be- 
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fore,  on  Vesuvius,  I  had  gazed  into  the  crater  funnel  and  watched 
the  molten  magma  of  the  earth  rise  and  fall,  but  the  scene  was 
one  which  could  not  compare  with  this,  grand  and  inspiring 
though  it  was." 

This  was  on  the  first  of  June,  1902.  On  the  30th  of  the  follow- 
ing August,  Heilprin  made  another  ascent  of  the  mountain  with  1 
view  to  determining  the  nature  of  the  cone  that  was  then  appar- 
ently developing  in  the  midst  of  the  volcano's  crater.  He  was 
accompanied  by  Julian  Cochrane  and  by  a  number  of  native  car- 
riers. As  they  approached  the  summit  the  party  was  halted  by 
a  fusilade  of  exploding  bombs  horizontally  shot  out  from  the 
roaring  column  of  steam  and  incandescent  scoria  that  was  being 
intermittently  belched  out  from  the  seething  crater,  miles  high 
into  the  air.  Leaving  his  companions,  Heilprin  pushed  upward 
to  a  point  just  below  the  crater's  rim,  crouching  on  the  palpitat- 
ing ground  for  all  possible  safety,  and  tliere  made  his  observa- 
tions amid  the  crash  and  roar  of  the  terrific  phenomena  which  he 
was  studying.  That  night,  after  his  return  to  the  base  of  the 
mountain,  the  tragedy  of  St.  Pierre  was  repeated  all  about  him. 
A  scorching  blast,  like  that  of  the  fatal  8th  of  May,  was  shot 
downward  from  the  fiery  summit  of  Pelee,  sweeping  through  the 
nearby  villages  of  Morne  Rouge  and  Ajoupa  Bouillon,  carrying 
destruction  to  everything  in  its  path  and  death  to  fully  fifteen 
hundred  of  their  inhabitants.  The  scientist,  housed  in  a  de- 
pression nearer  the  mountain's  base,  was  fortunately  beneath  the 
line  of  the  fiery  discharge  and  so  escaped  with  his  life. 

The  phenomena  of  vulcanism..  the  tremendous  outrush  from 
mountain  tops  of  fire  and  molten  rock,  the  I)ursting  forth  of  vast 
columns  of  flaming  gases,  of  steam  and  of  smoking  scoriae,  have 
been  a  source  of  terror  to  the  inhabitants  of  surrounding  dis- 
tricts and  a  focus  of  allurement  for  philosophers  and  scientists 
from  the  dawn  of  history  to  the  present  day.  It  is  remarkable 
that  the  two  principal  volcanos  of  Europe,  .Etna  and  Vesuvius, 
have  become  historically  signalized  tli rough  two  of  the  great 
scientists  of  classic  antiquity  having  perished  while  studying  their 
eruption.  Empedocles,  the  half-deified  Greek  philosopher  of 
Sicily,  lost  his  life  while  investigating  an  eruption  of  Mt.  .-Etna 
in  430  B.  C,  his  fate  betokened  only  by  the  remnants  of  his 
brass  sandals,  and  five  centuries  later,  in  the  year  79,  the  great 
Roman  naturalist,  Pliny,  hastened  from  a  place  of  safety  to  study 
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the  eruption  of  Vesuvius,  and  was  suffocated  by  the  sulphurous 
gases  from  the  mountain  while  the  neighboring  cities  of  Pompeii 
and  Herculaneum  were  being  buried  by  its  fiery  outpour.  And, 
now,  in  our  own  time,  over  eighteen  centuries  after  PHny's 
memorable  dying  day,  another  volcanic  eru])tion.  the  most  woe- 
fully tragic  since  that  time,  burst  through  the  long-slumbering 
craters  of  the  Carribean  Islands  and  with  the  record  of  that 
catastrophe  and  the  story  of  the  destruction  of  St.  Pierre,  the  name 
of  another  devoted  scientist,  Angelo  Heilprin,  will  go  into  his- 
tory. But  this  time,  fortunately  for  the  advancement  of  science, 
as  well  as  for  the  explorer  himself,  the  life  of  the  intrepid  stu- 
dent was  not  sacrificed  in  the  quest,  and  the  sum  of  human  knowl- 
edge regarding  the  nature  of  volcanic  action — a  quantity  re- 
markably small  in  comparison  with  the  gains  of  science  generally 
— has  been  augmented  by  the  contributions  of  a  keen  and  com- 
petent observer,  made,  not  from  some  neighboring  point  of  van- 
tage, but  on  the  very  edge  of  the  fire-belching  chasm  itself. 

Those  memorable  explorations,  now  become  historic,  not  only 
because  of  their  singularity  but  also  because  of  the  far  reaching 
importance  of  their  results,  were  followed  by  yet  other  expedi- 
tions to  the  same  locality,  in  the  course  of  which  Heilprin  made 
a  close  study  of  the  unique  phenomenon  which  reached  its  full 
development  in  the  later  stages  of  the  volcano's  activity.  This 
was  the  remarkable  Tower  of  Pelee,  so  called  by  Heilprin  and 
first  observed  by  him  on  his  ascent  on  August  30th  and  after- 
wards determined  by  him  to  be  a  mass  of  solidified  magma,  which, 
according  to  his  latest  investigations,  was  simply  the  mass  of 
cooled  material  remaining  as  a  core  in  the  funnel  of  the  volcano 
after  its  eruption  in  1S51.  This  core,  pushed  up  through  the 
crater  by  the  gathering  pressure  of  the  volcanic  forces  from  be- 
low, was  gradnaliy  projected  vertically  outward  until  it  towered 
more  than  one  thousand  feet  above  the  crater,  finally  toppling  in 
successive  masses  over  the  mountain  side. 

No  similar  phenomenon  has  ever  before  been  recorded  in  his- 
tory. It  was  this  core  of  solid  magma,  choking  the  throat  of  the 
volcano,  that  prevented  the  eruption  at  the  beginning  from  fol- 
lowing a  normal  course  in  the  vertical  direction,  and  by  causing 
the  pent-up  and  super-heated  gases  to  burst  forth  in  a  horizon- 
tal discliarge,  which  unliappily  was  in  the  direction  of  St.  Pierre, 
brought  about  the  destruction  of  that  city  and  the  almost  instant 
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death  of  all  its  30,000  inhabitants.  The  downward  blast  of  Aup^- 
ust  30,  which  so  fatally  swept  through  the  neighboring  villages, 
was  due  to  the  same  cause.  Heilprin's  investigations  of  the 
phenomenon  presented  by  this  obstruction  have  thrown  new  light 
on  the  history  of  the  Vesuvian  eruption  of  the  year  79,  which 
in  many  of  its  aspects,  as  reported  by  the  younger  Pliny,  and  as 
further  revealed  by  the  excavations  at  Pompeii,  had  hitherto  re- 
mained inexplicable.  In  the  second  of  his  books  on  the  Martin- 
ique disaster,  published  in  1905  under  the  title  of  "The  Tower 
of  Pelee,"  Professor  Heilprin  has  treated  this  subject,  both  as 
scientist  and  as  historian,  with  lucid  understanding  and  with  a 
graphic  hand. 

Heilprin's  investigations  of  volcanic  phenomena  were  but  part 
of  a  series  of  similar  explorations  in  other  fields  of  scientific  re- 
search. These  began  at  a  very  early  stage  of  his  career,  in  fact, 
during  the  intervals  in  his  educational  courses.  His  earliest  pre- 
delictions  had  been  in  the  direction  of  natural  history,  and  though 
he  eventually  developed  considerable  mastery  as  a  painter  and 
had  also  a  marked  talent  as  a  musician,  his  controlling  bent  was 
to  the  study  of  science  for  the  sake  of  knowledge  alone,  and  for 
that  lie  evinced  from  the  beginning  a  readiness  to  adventure 
whatever  it  demanded  or  wherever  it  called. 

Angelo  Heilprin  was  born  in  Hungary,  March  31st,  1853. 
His  talents  were  inherited,  his  grandfather,  Phineas  Mendel 
Heilprin  (1801-63),  having  been  a  recognized  authority  in 
Hebrew  literature  and  a  close  student  of  the  Kantian  philosophy 
among  the  writers  and  scholars  of  the  earlier  half  of  the  19th 
century,  and  the  Professor's  father,  Michael  Heilprin  (1823-88). 
having  in  his  turn  achieved  high  rank  among  the  erudite  schol- 
ars of  his  generation  as  a  Biblical  exegetist  and  literary  critic. 
The  grandfather,  fleeing  from  Russian  tyranny  in  his  native  Po- 
land, had  been  compelled  to  take  refuge  in  Hungary;  the  father 
had  become  associated  with  Kossuth  during  the  struggle  for  free- 
dom in  the  revolution  of  1848  and  had  been  compelled  in  his  turn 
to  flee  before  the  Austrian  conqueror.  In  common  with  other 
leaders  of  that  rising,  Michael  Heilprin  made  his  way  to  America, 
reaching  this  country  with  his  family  in  1856  and  settling  in 
Philadelphia.  Two  years  later  the  family  moved  to  Brooklyn, 
and  there  in  i860  Angelo  Heilprin's  education  was  begun  in  a 
public    school.      This  training,  however,    but  supplemented  the 
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educational  inlliiences  of  his  home.  There  his  innate  impulse  to- 
wards the  study  of  natural  science  was  emphasized  by  the  teach- 
ings of  his  learned  father  and  under  that  influence  young  Heil- 
prin's  receptive  mind  rapidly  compassed  a  wide  domain  of  knowl- 
edge. Even  before  his  20th  year  he  had  become  a  capable  asso- 
ciate, along  with  his  elder  brother,  Louis  Heilprin,  in  the  work 
of  their  father  as  revising  editor  of  the  American  Cyclopaedia, 
he  himself  adding  a  number  of  original  articles,  notably  the  bio- 
graphical sketch  of  John  Tyndall.  In  his  24th  year,  in  1876,  he 
went  to  London  to  take  up  the  study  of  the  natural  sciences  at 
the  Royal  School  of  Mines,  now  known  as  the  Normal  School  of 
Science.  There  he  learned  his  way  in  biology  from  Huxley,  in 
pakeontology  from  Etheridge  and  in  geology  from  Judd.  his 
efforts  gainiiig  for  him  the  award  of  the  Forbes  medal  for  pro- 
ficien<:y  in  the  two  former  of  these  branches.  Thereafter  he 
studied  in  Paris;  later  journeyed  on  foot  through  tlie  Swiss  Alps 
and  learned  what  he  could  of  their  glaciers,  and  then  spent  some 
eight  months  at  Geneva,  attending  the  lectures  of  Professor  Carl 
Vcjgt  and  studying  at  the  Natural  History  Museum  in  that  city. 
From  there  he  made  liis  way  through  Italy,  delving  everywhere 
to  add  to  his  store  of  knowledge,  and  after  a  prolonged  journey 
turned  back  through  the  Tyrolean  Alps  to  Vienna  and  thence  to 
Hungary,  all  on  the  same  quest.  After  a  time  spent  in  Russian 
Poland,  completing  a  three  years'  stay  in  Europe,  he  returned  to 
America  in  June,  187Q,  having  developed  in  his  own  original 
manner  his  gift  of  critical  and  accurate  observation. 

Soon  after  his  return  began  his  connection  with  the  .\cademy 
of  Natural  Sciences  of  this  city  and  his  permanent  residence 
here.  In  January,  1880,  he  was  awarded  the  Jessup  l-'ellowship 
of  the  Academy  and  by  the  end  of  the  year  his  original  contribu- 
tions to  its  publications  led  to  his  election  as  Professor  of  In- 
vertebrate Palaeontology  by  that  institution.  Three  years  later, 
in  October,  1883,  his  abilities  were  further  recognized  by  the 
Academy  through  his  election  as  one  of  the  four  members  of  its 
Board  of  Curators,  and  soon  thereafter  followed  his  appointment 
by  *the  Council  of  the  Academy  as  Curator  in  Charge. 

In  this  position,  which  he  hold  until  his  resignation  in  1892. 
Prof.  Heilprin  was  soon  confronted  with  the  difficulties  incident 
to  a  lack  of  adequate  room  for  the  proper  arrangement  and  dis- 
play of  the  growing  collections  of  the  .Academy,  many  of  which 
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had  of  necessity  to  be  stored  out  of  sight.  He  took  a  leading  part 
in  a  movement  for  the  erection  of  an  annex  building  to  house  the 
museum,  and  when  eventually  the  Academy  appealed  to  the 
State  for  financial  aid  to  this  end,  Heilprin's  eloquent  address  to 
the  Legislature  and  his  personal  appeals  to  many  of  its  individual 
members,  were  largely  instrumental  in  obtaining  the  two  appro- 
priations of  $50,000  each  which  were  voted  to  the  Academy  in 
1889  and  1 89 1. 

Soon  after  taking  up  his  residence  in  this  city  Heilprin  was  im- 
pelled, through  his  studies  at  the  Academy,  to  undertake  the  task 
of  making  ^  general  and  systematic  review  and  analysis  of  the 
tertiary  geology  of  each  of  the  several  States  of  the  Atlantic  and 
Gulf  borders  where  that  formation  had  been  recognized.  The 
results  of  his  research  were  embodied  in  a  series  of  notable 
papers,  printed  in  the  Quarterly  Journal  of  the  Academy,  and  in 
1884  these  papers  were  collected  and  with  various  later  additions 
were  published  in  bool<  form  under  the  title  of  "Contributions 
to  the  Tertiary  Geology  and  Palaeontology  of  the  United  States," 
The  American  Journal  of  Science  characterized  the  work  as  "of 
great  service  to  American  geology." 

There  was  next  published,  in  1885,  "Town  Geology:  The 
Lesson  of  the  Philadelphia  Rocks.  Studies  of  Nature  Along  the 
Highways  and  Among  the  Byways  of  a  Metropolitan  Town." 
It  was  a  printed  issue  of  the  author's  field  lectures  upon  the 
geology  of  Philadelphia.  Said  the  Popular  Science  Monthly  in 
reference  to  it :  "The  present  volume  is  an  admirable  exemplifi- 
cation of  the  true  method  of  geological  study.  The  author  takes  up 
features  with  which  all  Philadelphians  are  familiar  and  in  which 
they  may,  therefore,  be  assumed  to  have  a  certain  degree  of  in- 
terest, and  connects  them  in  a  very  simple  and  instructive  way 
with  the  great  body  of  geological  truths  in  which  these  facts  find 
their  explanation.  *  *  'White  Marble  Steps  and  Window- 
Facings,'  'Brownstone  Fronts  and  Jersey  ]\Iud,'  'Philadelphia 
Brick  and  Cobble-Stone,'  are  the  familiar  texts  used  by  the  author 
to  interpret  the  wonderful  workings  of  Nature  in  the  immeasur- 
able past,  which,  through  long  chains  of  causes  and  effects,  have 
given  rise  to  the  present  order  of  things." 

In  that  year — 1885 — the  Wagner  Free  Institute  of  Science, 
then  reorganized  under  the  will  and  bequest  of  its  beneficent 
founder.  Dr.  William  Wagner,  called  Professor  Heilprin  to  con- 
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duct  its  courses  in  geology.  By  a  special  arrangement  with  the 
Academy  he  was  enabled  to  undertake  this  work  and  continued 
it  until  1890.  In  1888  he  accepted  also  the  duties  of  Curator  of 
the  institution  and  thoroughly  rearranged  its  museum. 

It  v/as  soon  after  he  became  connected  with  the  Wagner  Insti- 
tute and  under  tlie  joint  auspices  of  that  organization  and  the 
Academy  of  Natural  Sciences,  that  Heilprin  began  that  series  of 
scientific  explorations  which  have  so  greatly  distinguished  his 
career,  and  which  have  added  so  largely  to  our  store  of  accurate 
knowledge  in  various  of  the  natural  sciences.  In  1886  he  organ- 
ized and  led  an  expedition  to  the  wilds  of  Florida,  of  which  but 
httle  accurate  information  was  then  accessible,  and  that  little  yet 
awaited  confirmation.  The  fauna  of  the  seashore  and  of  the  in- 
terior lake  region  had  not  up  to  that  time  been  closely  investi- 
gated and  proved  a  fertile  source  of  new  scientific  data. 

An  important  result  of  this  exploration  was  the  complete  dis- 
proof of  the  previously  accepted  theory  that  the  peninsula  was 
of  coraline  formation,  Heilprin's  investigations  bringing  to  light 
the  fact  that  notwithstanding  the  indications  furnished  by  the 
coral  fringe  along  the  coast,  the  body  of  the  peninsula  presents 
a  sedimentary  calcareous  structure.  The  report  of  this  expedi- 
tion, with  an  introduction  by  Dr.  Joseph  Leidy.  President  of  the 
Academy,  was  published  in  1887  as  the  first  volume  of  the 
Transactions  of  the  Wagner  Institute,  the  work  being  entitled 
■'Ivxplorations  of  the  W  est  Coast  of  Florida  and  in  the  Okeechobee 
Wilderness."  Dr.  Leidy  in  his  introduction  notes  that  "The 
Avell-observed  facts  ai  the  report  must  greatly  modify  the  opin- 
ions which  have  generally  been  held  in  regard  to  the  geological 
construction  of  the  Peninsula  of  Florida,  and  altogether  Pro- 
fessor Heilprin's  researches  must  be  considered  as  an  important 
•contribution  to  science." 

Heilprin's  extraordinary  activity  and  his  large  pcjssession  of 
that  capacity  for  concentrated  effort  which  has  been  recognized 
as  the  most  sterling  of  all  the  forms  of  genius,  was  at  this  time 
evinced  by  the  publication,  almost  simultaneously  with  the  elabo- 
rate report  on  the  Florida  explorations,  of  another  important  out- 
come of  his  studies,  the  volume  entitled  "The  Geographical  and 
Geological  Distribution  of  Animals."  This  work,  which  was 
pul.'lished  in  the  United  States  and  in  England  as  one  of  the  vol- 
umes of  the  International  Scientific  Series,    presents    in    a    new 
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light  and  in  logical  succession  the  salient  facts  which  connect  the 
present  and  past  distribution  of  animal  life  on  our  globe  and  thus 
a  general  review  of  the  succession  and  relation  of  its  various 
species.  This  production  is  in  some  respects  quite  unique  and  re- 
tains its  place  as  a  standard  work  on  zoogeography. 

In  the  following  year,  1888,  Heilprin  published  his  book  on 
"The  Animal  Life  of  Our  Seashore,"  a  popular  and  most  attrac- 
tive presentation  of  that  interesting  subject,  and  in  the  same  year 
appeared  his  work  on  "The  Geological  Evidences  of  Evolution." 
an  amplification  of  a  series  of  lectures  on  this  topic  at  the  Acad- 
emy of  Natural  Sciences.  During  that  year  also  Professor  Heil- 
prin led  a  class  of  students  of  the  Academy  to  the  Bermuda  Is- 
lands to  study  anew  the  nature  of  their  coral  reefs  and  singular 
hill  formations  and  to  more  closely  investigate  their  animal 
forms.  The  results  of  this  journey  were  published  in  1889  in  a 
volume  entitled  "The  Bermuda  Islands :  a  Contribution  to  the 
Physical  History  and  Zoology  of  the  Somers  Archipelago." 

The  next  year,  1890,  savv^  another  of  Heilprin's  important  books- 
issue  from  the  press.  This  was  his  "Principles  of  Geology,"  which 
forms  the  seventh  volume  of  the  Iconographic  Encyclopaedia. 
This  book,  as  its  title  indicates,  is  an  elucidation  of  the  subject 
by  means  of  pictures,  in  this  case  chiefly  photographic  reproduc- 
tions direct  from  nature.  In  this  regard  the  author  states  in  his 
preface  that  "This  work,  it  is  believed,  is  the  first  of  its  kind  to 
make  extensive  use  of  what  may  be  called  a  natural  method  of 
illustration."  He  further  observes  that  "the  facts  of  nature 
should  as  far  as  practicable  be  represented  in  a  truthful  manner 
and  not  in  a  way  that  compels  the  mind  to  accept  incorrect  ideas. 
Apart  from  the  benefits  derived  from  correct  interpretation,  it 
can  fairly  be  urged  as  a  further  advantage  of  photographic  illus- 
tration, that  it  is  apt  to  elicit  a  primary  interest  in  the  subject 
that  is  rarely  developed  by  a  diagram  or  even  by  a  diagram  and 
accompanying  text."  These  statements  indicate  how  completely ,^ 
as  well  as  quickly,  Heilprin  appreciated  the  possibilities  of  the 
then  yet  new  art  of  half-tone  photo-engraving,  which  has  since 
then  become  the  most  extensively  applied  of  all  the  graphic  arts. 
The  work  was  designed,  as  noted  by  the  author,  to  meet  the 
v/ants  of  the  general  reader  without  subjecting  him  to  a  study  of 
the  minute  details  which  encumber  most  text  books  and  it  ex- 
emplifies in  a  high  degree  that  admirable  combination  of  vivid 
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elncidation  and  scientific  exactness  which  is  so  marked  a  cliar- 
acteristic  of  HeiJprin's  writings. 

In  that  year,  1890,  Heilprin  undertook  an  exploration  of  the 
Mexican  IMateau  to  determine  the  true  nature  of  that  remarkable 
formation.  His  investigations  disclosed  the  fact  thai  this  vast 
and  lofty  plateau  is  not  the  result  of  an  upheaval  of  the  earth's 
crust  but  has  been  produced  by  the  accumulation,  through 
ages  of  time,  of  material  ejected  by  volcanos,  evidences  of  whose 
activity  are  still  afforded  by  the  towering  peaks  of  Orizaba. 
Popocatapetl  and  other  extinct  or  inactive  volcanos  which  fringe 
the  edge  of  the  elevated  plain.  Another  interesting  fact  deter- 
mined in  the  course  of  this  exploration  is  the  relative  height  of 
the  two  mountains  named  above,  his  ascents  and  accurate 
measurements  of  three  of  the  highest  peaks  having  determined  the 
fact  that  Orizaba  and  not  Popocatapetl  was  the  highest  point  in 
Mexico.  These  studies  were  continued  by  Professor  Heilprin 
during  his  visit  to  Mexico  in  1906  and  formed  the  subject  of  a 
volume  which  he  had  in  preparation  at  the  time  of  his  death. 

The  new  acquisitions  of  knowledge  gained  through  his  ex- 
l)editions  to  Florida,  the  Bermudas  and  Mexico.  led  Heilprin  to 
the  idea  of  making  the  Philadelphia  Academy  of  Natural  Sciences 
a  focus  of  scientific  explorations.  To  this  end  he  entered  with 
zeal  into  the  plan  for  Arctic  exploration  projected  by  Lieutenant 
Robert  E.  Peary,  of  the  United  States  Navy,  and  promoted  it  to 
a  successful  issue.  Heilprin's  part  in  that  enterprise  cannot  be 
better  or  more  succinctly  stated  than  by  a  quotation  from  Com- 
mander Peary's  letter  to  the  family  of  the  Professor  on  the  oc- 
casion of  his  death.  He  says :  "My  own  obligations  to  and  re- 
gard for  him  are  particularly  great.  To  him,  more  than  to  any 
one  else,  is  due  the  activity  of  this  country  in  Arctic  and  Antarctic 
work  during  the  past  fifteen  years;  for  it  was  his  interest  and  be- 
lief in  my  first  project  for  Arctic  work  presented  to  the  Phila- 
delphia Academy  of  Natural  Sciences  in  1 891.  that  led  to  the  adop- 
tion of  that  plan  by  that  organization,  and  the  consequent  awak- 
ening of  interest  in  Polar  matters  in  the  years  since  then." 

'I'hc  history  of  these  later  Polar  explorations  is  still  in  the 
making.  One  of  its  most  dramatic  episodes,  and  one  that  has  no 
parallel  except  the  finding  of  Livingstone  by  Stanley  in  the  heart 
of  yVlrica,  was  the  meeting  (.^i  Professor  Heilprin  and  Lieuten- 
ant Peary,  in  189.?,  in  the  midst  <»!  the  bleak  expanse  of  frozen 
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snow  on  the  lofty  surface  of  the  Greenland  ice-cap.  Heilprin 
had  accompanied  Peary  to  Greenland  at  the  outset  of  the  hitter's 
polar  journey  the  year  before  and  this  meeting  on  the  ice-cap 
was  the  culminating  moment  of  the  Peary  Relief  Expedition 
which  Heilprin  organized  and  led  to  its  successful  termination. 
The  story  of  that  expedition  is  contained  in  one  of  Pro- 
fessor Heilprin's  most  interesting  books,  "The  Arctic  Problem." 
published  in  1895.  I'^  this  work  Heilprin,  as  usual  with  him. 
weaves  his  scientific  data  with  entertaining;-  narrative  into  the 
fabric  of  an  instructive  discourse,  the  volume  being  furthermore 
uniquely  illustrated  with  colored  plates  and  reproductions  from 
photographs  made  by  himself. 

The  exigencies  of  this  relief  expedition  and  the  work  entailed 
upon  him  in  connection  with  the  organization  of  the  Interna- 
tional Geological  Congress,  which  met  in  Philadelphia  in  the  fall 
of  1892,  led  Heiljirin  in  the  spring  of  that  year  to  resign  his 
curatorship  at  the  Academy,  thereafter  to  devote  himself  more 
completely  to  his  literary  work  and  to  various  projects  of  ex- 
ploration. In  1893  he  inaugurated  the  publication  of  a  monthly 
magazine  devoted  to  geographic  science  and  entitled  "Around  the 
World."  which  was  continued  during  that  and  the  following  year 
and  became  the  prototxpe  of  the  "Geographical  Magazine,"  pub- 
lished by  the  National  Geographical  Society.  Of  this  latter  pub- 
lication Heilprin  was  from  the  first  one  of  the  editors  as  he  was 
also  a  member  of  the  Society's  Board  of  Managers.  In  1896  the 
Geographical  Society  of  Philadelphia,  in  the  organization  of 
which,  in  1891,  Heilprin  had  taken  a  leading  part,  and  of  which 
he  had  been  President  during  the  first  four  years  of  its 
existence,  again  elected  him  to  its  presidency  and  sub- 
sequently, in  1902-3,  he  again  served  in  that  capacity.  In 
the  summer  of  1896  he  made  a  journey  to  the  Atlas  Moun- 
tains of  Algeria  and  Morocco  to  investigate  a  much  dis- 
cussed theory  of  a  former  glaciation  of  that  region.  His  re- 
search resulted  in  removing  all  doubt  on  this  subject,  no  trace  of 
any  glacial  phenomena,  either  of  a  recent  or  early  period,  being 
found  anywhere  in  the  mountains.  In  that  year  also  appeared 
his  admirable  text  book,  "The  Earth  and  Its  Story,"  a  work 
which  has  met  with  great  favor  in  educational  circles. 

His  next  explorations  were  made  in  the  Klondike  region  and 
in  Alaska.  There  he  spent  the  summer  season  of  the  years  1898 
and  '99,  his  journey  in  the  latter  year  extending  from  the  Klon- 
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(like  westward  t(j  Cape  Xome.  These  expeditions  were  devoted 
to  a  scientific  study  of  the  auriferous  deposits  on  the  ^'ukon  and 
of  the  gold  l)earing  sands  of  the  seashore  north  of  Bering  Strait, 
and  formed  the  topic  of  a  vohime  entitled  "Alaska  and  the  Klon- 
dike," which  appeared  in  1899. 

After  some  months  spent  in  Europe  in  1900.  Professor  Heil- 
prin,  in  conjunction  with  his  brother  Louis,  undertook  the 
arduous  and  exacting  task  of  re-editing  and  reconstructing  Lip- 
pincott's  Gazetteer  of  the  World.  This  work  was  begun  in  1901 
and  completed  in  1905.  but  was  interrupted  on  his  part  by  the 
exigencies  of  his  several  journeys  to  Martinique  in  1902  and  the 
following  year  and  by  the  preparation  of  his  books  on  the  Peleo 
catastrophe.  In  1903  he  was  called  by  Yale  University  to  direct 
the  department  of  Physical  Geography  in  the  Sheffield  Scientific 
School.  His  work  in  that  direction  was  greatly  appreciated  and 
was  successfully  continued  to  the  last. 

In  1903  Professor  Heilprin  was  made  the  recipient  of  a  gold 
medal  by  the  (ieographical  Society  of  Philadelphia  in  rec<\gnition 
of  his  eminent  attainments  in  geographical  research,  anil  in  April, 
1905,  the  great  appreciation  by  the  French  scientific  world  of  his 
signal  services  in  the  investigation  of  the  volcanic  phenomena  in 
Martinique  found  expression  in  his  having  conferred  upon  him 
the  high  honor  of  appointment  as  Officier  d'Acadmie. 

In  the  spring  of  1906  he  made  a  journey  into  the  interior  of 
British  Guiana  to  study  the  nature  of  the  great  equatorial  forests 
of  that  region,  his  brief  report  of  which  as  "An  Impression  of 
the  Guiana  Wildnerness"  appeared  in  the  National  GcogroMiical 
Magazine  for  last  June,  only  a  month  before  the  author's  death. 
It  was  during  that  journey  that  he  contracted  the  tropical  fever 
which,  fhrf)ugh  intermittent  recurrence,  gradually  sapped  his 
strengtli  and  ])aved  the  way  for  an  acute  attack  of  endocarditis, 
which  eventually  carried  him  to  his  untimely  gra\e. 

Besides  his  official  connection  with  the  National  Geographical 
Society  and  with  the  Geographical  Society  of  Philadelphia,  al- 
ready adverted  to,  Professor  Heilprin  was  a  member  of  the 
American  Philosophical  Society,  of  the  Society  of  American 
Naturalists  and  of  the  Franklin  Institute;  President  of  the  Am-.M- 
ican  Geological  Society  from  1891  to  '98:  a  fellow  of  the  Amer- 
ican Association  for  the  Advancement  of  Science,  Vice-President 
of  the  American  Alpine  rinb.   President  of  the  Association  of 
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American  Geographers,  and  a  fellow  of  the  Royal  Geographical 
Society  of  Great  Britain.  As  official  representative  of  several  of 
these  bodies,  he  was  a  delegate  to  the  International  Geological 
Congress  of  1906  in  the  city  of  Mexico. 

As  a  recreation  from  his  multifarious  labors  Heilprin  culti- 
vated his  taste  for  painting  and  music.  Several  of  his  pictures 
have  found  places  in  exhibitions  in  this  city  and  elsewhere,  and 
he  left  behind  him  a  series  of  admirable  paintings  in  which  several 
aspects  of  the  Pelee  eruption  are  vividly  portrayed. 

This  sketch  of  Heilprin's  inspiring  career  would  be  incomplete 
without  a  notice  of  his  acti\ity  as  a  mechanician  and  inventor. 
In  January,  1882,  he  was  granted  a  patent  on  his  invention  for 
mechanically  turning  leaves  of  music  at  the  piano,  the  device  be- 
ing also  applicable  for  other  similar  uses,  and  in  April,  1896,  he 
was  granted  a  patent  on  a  Acntilating  car  window  which  became 
the  subject  of  investigation  by  the  Committee  on  Science  and  the 
Arts  of  the  Franklin  Institute  and  was  awarded  the  Edward 
Longstreth  medal  of  merit  in  1897.  The  working  of  these  inven- 
tions he  turned  over  to  other  hands. 

Heilprin's  character  and  the  esteem  in  which  he  was  held  by  all 
who  were  privileged  to  know  him  can  well  be  summarized  by  an- 
other quotation  from  Commander  Peary's  recent  letter,  already 
referred  to.     He  says : 

"I  have  always  found  him  ready,  loyal,  and  superlatively  able. 
^^''hen  I  named  one  of  the  greatest  of  Greenland  glaciers  and  later 
one  of  the  most  northerly  lands  in  the  world  after  him,  it  was  no 
perfunctory  action,  but  a  tribute  of  the  deepest  regard  and  friend- 
ship.'' 

I  have  traced  in  but  brief  outlines  this  story  of  a  most  strenuous 
life,  and  have  but  inadequate!}-  pictured  its  restless  activity.  It 
was  a  life  informed  by  a  rare  intelligence  and  enlightened  by 
a  brilliant  intellectuality;  a  spirit  inspired  by  that  lofty  altruism 
which  seeks  the  improvement  of  mankind  through  widening  our 
scope  of  knowledge  and  deepening  our  insiglit  into  the  conditions 
of  existence. 

Angelo  Heilprin  lived  bu.t  54  years,  yet  within  that  shortened 
span  he  accomplished  a  work  of  such  large  moment  as  would  well 
suffice  the  compass  of  the  longest  lifetime,  a  work  which  remains 
of  permanent  import  to  the  world  and  which  stands  recorded  in 
every  library  of  science,  in  every  language  of  civilization,  in  every 
quarter  of  the  globe. 
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The  Parker  Steam  Generator. 

(Being  the  report  of  the  Franklin  Institute,  through  its  Committee  on  Science  and 
the  Arts,  on  tfte  invention  of  John  C.  Parker.  (Sub-Committee:  Francis  Head, 
Chairman;  J.  M.  Emanuel,  Thomas  P.  Conard,  Charles  Day.) 

(No.  2164). 

The  Franklin  Institute  acting  through  its  Committee  on 
Science  and  the  Arts,  investigating  the  merits  of  "The  Steam 
Generator,''  invenied  by  John  (".  Parker,  of  Philadelphia,  reports 
as  follows  • — 

This  steam  generator  is  a  water-tube  boiler,  which  at  firsc 
glance  resembles  the  Babcock  and  Wilcox  type,  but  which  on 
closer  examination  will  be  seen  to  possess  distinguishing  features 
which  involve  a  new  principle  in  the  art  of  steam  making.  Briefly 
stated  this  may  be  termed  the  counter-current  principle. 

The  aim  is  to  avoid  re-circulation  of  the  water  by  .so  propor- 
tionin.g  the  length  and  capacity  of  the  tube  that  complete  evapora- 
tion is  secured  in  one  passage.  In  practice  this  is  not  entirely 
the  case,  and  there  is  sufficient  moisture  in  the  tubes  to  prevent 
their  overheating.  The  water  enters  the  tubes  where  they  are 
in  contact  with  the  coldest  gases  and  travels  toward  the  hottest 
gases,  finally  passing  oxer  the  fire,  by  which  time  the  water  has 
largelv  turned  into  steam.  Py  this  arrangement  there  is  always 
a  wide  difference  of  temperature  between  the  water  or  the  steam 
in  the  inside  of  the  tube  and  the  gases  on  the  outside,  which  gives 
the  most  favorable  conditions  for  heat  transference. 

Figure  i  shows  in  a  diagramatic  manner  a  boiler  with  tlic 
assumed  temperatures  marked  in  various  places.  .\t  the  top 
there  is  a  dry  steam  chamber,  a  water  chamber  beneath  it,  a  tubu- 
lar i)assage  extending  downward  from  the  water  chamber,  the 
lower  end  of  which  is  connected  to  the  dry  steam  chamber  by  a 
direct  upcast  passage.  An  opening  between  the  chambers,  con- 
trolled by  a  non-return  valve,  completes  the  circuit  and  equalizes 
the  pressure.  This  valve  prevents  the  water  from  lifting,  due  to 
a  sudden  heavy  demand  for  steam,  and  a  by-pass  from  the  top  of 
the  water  chamber  prevents  excessive  differences  of  pressure  dur- 
ing such  periods. 
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A  non-return  valve  at  the  entrance  of  the  tubes  prevents  a  re- 
versal of  the  tlov^.  In  operation  the  water  is  fed  into  the  lower 
chamber,  filhng  the  tubes,  and  seeks  its  level  in  the  upcast.  When 
heat  is  applied,  the  water  in  the  upcast  is  soon  driven  out  hv  the 
expansion  of  the  steam.  The  result  is  that  more  water  comes 
down  to  regain  its  level  in  the  upcast  and  so  the  action  becomes 
continuous  and  autonialic. 

The  head  which  produces  the  flow  is  the  vertical  distance  from 
the  surface  of  the  solid  water  in  the  lower  chamber  to  the  mixture 
of  steam  and  water  in  the  tube,  and  to  secure  this  rate  of  flow  is 
a  matter  of  proportioning-  the  length  of  tube  and  rate  of  combus- 
tion and  is  largely  a  c[uestion  of  correct  design. 


Another  claim  of  importance  is  the  self-cleaning  property  of 
the  boiler.  This  is  accomplished  by  the  rapid  circulation  through 
the  tubes  of  a  more  or  less  solid  body  of  water,  whenever  a  drop 
in  pressure  occurs  in  the  upper  drum.  This  has  the  effect  of  re- 
moving whatever  scale  is  formed  and  depositing  it  in  the  upper 
drums,  where  it  is  readily  removed.  This  is  quite  successful  in 
practice.  Besides  this,  the  boilers  give  fairly  dry  steam  and 
have  a  flexible  system  of  construction,  avoiding  any  strains  due 
to  unequal  heating. 

Another  feature  of  merit  is  the  special   form  of  hand-hole 
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cover  on  the  box  into  wliicli  the  tubes  are  expanded  (shown  in 
figure  2.)  'i'hese  are  pnt  in  through  the  tube  hole,  and  have  a 
ground  joint.  On  test  they  have  remained  tight  under  1800 
pounds  pressure,  at  which  pressure  the  tubes  start  to  leak.  This  is 
three  times  the  pressure  which  the  or(hnary  cap.  which  was  tested 
at  the  same  time,  stood. 

\  verv  interesting  model,  which  is  shown  in  figure  3.  was  ex- 
hibited in  operation  to  the  committee.  It  consists  of  one  elemeni 
{-inch  in  diameter  by  25  feet  long,  including  24  tubes,  glass  up- 
cast and  26  bends.     The  three  tubes  next  to  the  door  are  glass 


J   \^^'\^ 


and  held  in  stuffing  boxes,  asljestos  covered.  The  lowest  stands 
the  direct  impingement  of  the  tlames  with  only  steam  flowing 
thr()i!gh  it.  There  were  six  kerosene  burners  giving  an  intense 
blue  flame,  forced  by  air  pressure,  and  the  Ix^iler  carried  thirty 
pounds  of  steam. 

The  first  boiler  of  any  size  was  built  at  Chester,  Pa.,  and  was 
rated  at  175  H.  P.  A  full  description  of  this  boiler  and  an  ac- 
count of  tests  by  Prof.  Spangler  were  given  in  a  paper  read  l)e- 
fore  the  hjigineers'  Cbib  (»f  Philadelphia,  by  Henry  G.  Morris, 
on  .April  (\  i(;oi.  This  boiler  lias  been  in  service  since  April  11. 
Vol.  CLXIV.     No.  983  22 
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1900.  and  we  make    the    following'    extract  from  Mr.   Morris' 
paper : — 

"The  lower  drum  is  suspended  in  steel  framewcjrk  and  supports  the 
upper  one  on  flanged  necks.  The  front  neck  is  merely  a  saddle  with  no 
openings  into  the  drums,  and  is  fastened  only  to  the  lower  drum  to  allow 
for  expansion  of  the  drum  independently.  The  rear  neck,  which  forms 
the  drain  passage,  is  of  steel,  with  the  opening  into  the  water  drum  brass- 
bushed,  and  is  controlled  by  a  conical  drop  valve.  The  by-pass  connecting 
the  drums  at  the  front  end  has  an  offset  (not  shown)  to  allow  for  expan- 
sion. The  drums  are  slightly  inclined  downward  toward  the  rear  for  drain- 
age and  to  prevent  the  sediment  from  going  into  the  tubes  a  second  time. 
The  sediment  settles  at  the  rear  end  of  the  water  drum,  whence  it  is 
blown  out. 

"There  are  eight  elements  of  3-inch  tubes,  each  having  fourteen  tubes 
18  feet  long  and  one  tube  19  feet  6  inches  long  which  connects  with  the 
upcast  at  the  rear.  The  second  and  fifth  rows  of  tubes  are  raised  to  pro- 
vide access,  but  this  has  been  found  unnecessary.  There  are  three  rows  of 
baffles,  owing  to  the  flue  being  at  the  front.  The  fire-brick  air  passages  in 
the  combustion  chamber  did  not  prove  lasting,  and  were  removed. 

"This  boiler  works  at  100  pounds  pressure  and  supplies  four  steam 
hammers,  several  engines,  and  also  heats  some  of  the  shops.  It  has  1760 
square  feet  of  heating  surface,  36  square  feet  of  grate  surface,  and  is  rated 
at  175  horse-power.     It  has  been  run  up  to  265  horse-power. 

"Professor  Spangler  has  made  six  tests  of  this  boiler  under  normal 
working  conditions.  The  equivalent  water  evaporated  per  pound  of  com- 
bustible from  and  at  212°  F.  was  as  follows:  April  i8th,  12.54  pounds; 
19th,  11.65  pounds;  20th,  11.70  pounds;  21st,  11. 81  pounds;  23d,  12.39  pounds; 
24th,  11.05  pounds.  The  return  tubular  boiler  alongside  was  tested  and 
the  result  was  10.97  pounds  under  the  same  conditions. 

"The  first  annual  inspection  of  the  boiler  took  place  on  ^^larch  31st. 
The  inspection  was  made  by  Mr.  J.  T.  Fennell  for  the  Maryland  Casualty 
Company,  and  a  personal  inspection  was  made  by  Mr.  J.  M.  Lukens,  Chief 
of  the  Bureau  of  Boiler  Inspection  for  Philadelphia,  accompanied  by  an 
assistant.  The  upper  tubes  were  found  perfectly  clean,  and  some  thin 
scale,  which  appeared  to  be  peeling  off,  was  observed  in  the  bottom  row. 
Mr.  Fennell  states  that  the  tubes  are  in  the  same  condition  as  he  found 
them  in  his  last  inspection  on  December  9,  1900.  The  scale  appears  to 
peel  off  as  fast  as  it  forms,  and  is  carried  up  and  deposited  in  the  drums." 

The  next  boiler  built  was  rated  at  400  H.  P.,  and  was  for  the 
Philadelphia  Rapid  Transit  Co.,  and  was  put  in  service  July  26. 
1902.  This  was  placed  among  a  row  of  water-tube  boilers  of  the 
Babcock  and  Wilcox  type,  and  was  accepted  after  competitive 
trials  had  been  made.  An  account  of  these  tests  was  published 
in  the  Engineering  Nezvs  of  November  27,  1902,  from  which  the 
followinof  is  extracted  : — 
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"In  accordance  with  your  request  for  information  in  regard  to  the  con- 
tract tests  of  our  boiler  conducted  by  the  Rapid  Transit  Co.,  in  competi- 
tion with  one  of  tlieir  Babcock  &  Wilcox  boilers,  we  forward  ycni  data, 
drawings,  pHotos  and  samples  of  .scale. 

"We  guaranteed  that  cur  boiler  would  evaporate  more  water  under 
equal  conditions  of  operations  than  their  boiler.  (2)  That  our  boiler 
would  not  scale  as  rapidly  as  theirs.  (3)  That  our  boiler  would  wash  out 
its  own  tubes  automatically  and  constantly  while  in  operation.  (4)  That 
our  steam  would  be  dryer,  and  that  it  would  be  impossible  to  cause  it  to 
prime.  (5)  That  our  tubes  would  not  burn  or  bli.ster.  (6)  That  our  hand 
hole  joints  could  be  made  quicker  and  could  be  turned  to  stop  a  leak  under 
pressure  with  safety. 

"We  agreed  that  the  Traction  Co.  should  conduct  the  tests  and  specified 
the  following  conditions: 

"i.     Both  boilers  to  be  put  in  perfect  condition. 

"2.     To  be  operated  simultaneously  and  under  equal  conditons. 

"3.  A  separator  and  calorimeter  to  be  connected  to  each  steam  pipe 
to  intercept  and  measure  the  entrained  water. 

"4.  Feed  water  to  be  unpurified  city  water  from  open  heater  or  direct 
from  mains. 

"5.  Both  boilers  to  be  operated  at  maximum  power  for  30  days  of  24 
hours  each,  without  slopping;  any  leaks  or  other  injury  to  be  repaired  and 
charged  against  boiler  together  with  time  lost. 

"6.  On  the  last  day  of  trial  the  coal  and  water  shall  be  weighed  for  24 
consecutive  hours  and  the  moisture  in  the  steam  deducted  from  the  appar- 
ent evaporation,  \\liuh  sluil!  then  be  computed  for  the  full  30  days. 

"7.  Both  boilers  shall  then  be  opened,  and  whatever  repairs  or  clean- 
ing are  necessary  shall  be  done  and  charged  against  each  respectively. 

"8.  The  net  difference,  if  any  in  favor  of  the  Parker  steam  generator, 
multiplied  by  24,  shall  be  deemed  to  represent  the  saving  for  two  years, 
and  the  amount  in  dollars  and  cents,  not  exceeding  *  *  *  shall  be  due 
the  Parker  Engine  Co.  .-.!•    ;  1  <  I'U,-  in  addition  to  the  contract  price. 

"The  Parker  boiler  was  started  on  July  26,  but  owing  to  the  coal  strike 
the  Traction  Co  weri-  not  able  to  get  their  boiler  in  condition  before 
Sept.   1,  wlun  tile  \e^\  wa^  started. 

"The  tests  of  .'-tpt.  1st,  2nd  and  30th  were  ccnducted  by  Mr.  Francis 
Head,  assistant  engineer  of  the  company,  in  person,  while  in  the  others 
some  of  his  assistants  were  present. 

"No  attempt  was  made  to  get  extraordinary  results.  The  regular  fire- 
men were  used  and  one  man  fired  both  boilers  through  his  full  eight-hou.- 
shift.  The  only  instructions  given  were  to  treat  lx)th  boilers  exactly  alike 
and  whenever  anything  was  done  to  one  fire  the  other  was  to  be  im- 
mediately treated  likewise.  No  one  meddled  with  the  fire-doors  but  the 
fireman  himself.  The  fires  were  cleaned  at  the  end  of  each  shift  by  the 
regular  gang  who  took  the  usual  time. 

"The  coal  used  was  bituminous,  run  f>f  mine,  stated  by  the  company 
chemist  to  contain  14,100  B.  T.  U.  per  pound.  It  was  of  a  caking  variet> 
and  had  to  be  worked  a  good  deal,   and   a   great  iimoimt    of    cl:nk'.r    was 
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taktn  out  at  each  cleaning,  a  good  deal  of  time  being  lost  in  this  respect 
and  in  getting  the  fire  burning  properly  afterward.  The  coal  was  weighed 
on  the  same  scale  in  the  same  barrow,  which  held  125  lbs.  net,  not  full 
enough  to  spill  in  wheeling.  The  floor  was  swept  up  and  four  barrows 
delivered  to  each  boiler  alternately,  making  500  lbs.  net  delivered  at  a  time. 

"To  start  anrl  stop  a  test  500  lbs.  of  coal  was  put  on  the  floor  and  the 
fire  cleaned  and  the  lime  and  water  taken  when  the  fire  was  covered.  The 
time  of  weighing  the  coal  was  taken  but  not  the  firing  time. 

"All  openings  to  the  boilers  through  which  leakage  might  occur  were 
blanked  and  the  feed  pumps  set  over  their  own  tanks  so  that  the  leakage 
fr<  ni  Ihem  would  not  be  lost.  The  water  was  weighed  in  tanks  on  scales 
resting  on  the  suction  tanks  and  the  time  of  weighing  and  time  of  pass- 
ing a  mark  in  the  suction  tank  was  taken.  The  scales  were  found  to  agree 
by  weighing  water  in  one  and  then  running  it  into  the  other. 

"The  boilers  are  connected  to  the  same  flue  and  steam  main  and  each 
has  an  Eynon  &  Evans  steam  jet  blower  in  the  ash  pit,  but  this  was  only 
used  in  the  test  of  Oct.  16.  This  attempt  to  get  over  500  H.P.  out  of  the 
IxiilcTs  by  use  of  the  blowers  resulted  in  showing  that  the  blowers  hurt 
the  soft-coal  fire  rather  than  helped  it. 

■"llie  Sept.  I  test  shows  the  unreliability  of  short  test,  since  the  Parker 
boiler  showed  an  impossible  advantage.  On  the  other  hand  the  Parker 
bfiiler  got  the  worst  of  it  in  the  Sept.  30  test,  owing  to  a  badly-clinkered 
grate.  All  the  firemen  complained  about  it  and  did  not  seem  to  be  able 
til  handle  the  fire  in  the  usual  way.  Comparing  this  test  with  that  of  Sept 
17th.  it  will  be  seen  that  the  Babcock  &  Wilcox  used  more  coal,  while  the 
Parker  fell  off  J. 500  lbs.  The  firemen  were  unable  to  dislodge  the  clinker 
(luring  the  test  without  keeping  the  fire  doors  open  for  an  excessive  period, 
s(i  the  test  was  made  of  a  bad  job. 

"On  the  20th  day  of  the  ,30-day  run  a  defective  expanded  joint  in  the 
Parker  boiler  gave  out  and  the  boiler  had  to  be  shut  down.  The  tube  end 
had  not  been  run  past  the  shoulder  in  the  box.  The  tube  was  pulled  back 
into  the  box  by  running  a  length  of  pipe  through  it  and  screwing  up  on  a 
llange  at  each  end 

"On  the  2Qth  day  of  the  run  a  tube  was  found  blistered  in  the  Babcock 
&  Wilcox  boiler,  and  it  had  to  be  shut  down  and  a  new  tube  put  in.  The 
clinker  was  chipped  off  the  grate  and  this  was  the  cause  of  the  good  show- 
ing in  the  Sept.  30  test.  .At  the  end  of  this  test  it  was  discovered  that  two 
more  tubes  were  blistered  in  the  Babcock  &  Wilcox  boiler  and  had  been 
linking  during  the  test. 

"It  was  assumed  that  the  leakage  did  not  measurably  swell  the  appar- 
i  Mt  evaporation  of  the  boiler  since  it  had  shown  about  the  same  results  in 
the  test  of  Sept.   17. 

"The  Parker  boiler  was  shut  down  on  Oct.  9  and  opened  up  in  the 
presence  of  City  Inspector  Madden  and  representatives  from  the  Baldwin 
Locomotive  Works,  the  United  Gas  Improvement  Co.,  the  Peinia.  R.  R. 
Co.,  the  Edison  Illuminating  Companies  and  Mr.  Francis  Head  for  the 
Traction  Co.  Mr.  Madden  |)ronounce(l  the  tubes  clean,  although  it  was 
evident  that  >-c.ile  had  been  formed  in  the  bottom  row  as  scattering  patches 
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of  it  could  be  seen  and  i86  lbs.  of  it  in  small  pieces  was  found  in  the 
front  ends  of  the  drums.  About  4  ins.  deep  of  mud  was  found  in  the  water 
drums,  while  the  steam  drum  was  clean  except  for  z;i  lbs.  of  larger  pieces 
of  clean  scale  retained  at  the  front  end  by  the  screen. 

"The  valves  in  the  top  boxes  of  each  element  were  found  clean  and  in 
perfect  working  condition. 

"The  scale  appears  to  form  entirely  in  the  bottom  tubes,  and  as  soon 
as  it  attains  any  body  peels  ofif  and  is  swept  out  of  the  tubes  and  thrown 
up  into  the  drums  by  the  force  of  the  flow,  exactly  the  same  as  in  the 
Parker  boiler  at  the  Roach  shipyard,  Chester,  Pa.,  which  has  been  run- 
ning now  for  two  years  and  a  half  without  any  cleaning  of  the  tubes  ex- 
cept by  the  boiler  itself.  The  mud  is  found  to  settle  toward  the  middle  of 
the  water  drums  and  an  angle  has  been  placed  over  the  drum  blow-offs  so 
that  the  mud  is  now  blown  out  very  efficiently. 

"The  price  of  coal  at  the  time  of  the  tests  being  abnormal,  $3  per  ton 
was  agreed  upon  as  a  fair  basis  for  computation  for  bituminous  coal  at  the 
fire  doors.  On  this  basis  the  saving  shown  by  the  Parker  boiler  over  the 
Babcock  &  Wilcox  computed  according  to  contract  was  as  follows:  Sept. 
I,  $6,149;  Sept.  2,  $2,224;  Sept.  17,  $2,863;  Sept.  25,  $3,765;  Sept.  30,  $1,829; 
Oct.  16,  $2,534. 

"It  was  understood,  of  course,  that  to  get  this  saving  the  boiler  must  be 
run  at  full  power  for  the  full  time. 

"As  the  lowest  figures  were  far  above  the  limit  of  the  bonus  and  all  the 
other  claims  were  conceded,  the  company  paid  the  Parker  Engine  Co.  the 
full  amount  of  the  bonus  on  Oct.  10. 

"The  test  of  Oct.  16  was  run  to  see  what  the  boilers  would  stand  with- 
out injury,  but  the  blowers  failed  to  add  to  the  power,  and  this  test  fell 
far  short  of  the  results  on  Sept.  17,  when  the  average  for  one  of  the  eight- 
hour  shifts  ran  up  to  470  H.P.  on  the  Parker  boiler. 

"The  accompanying  table  gives  the  results  of  the  tests.  The  heating 
surface  of  the  two  boilers  tested  was  as  follows: 

B.  &.  W.      Parker. 

Heating  surface  in  tubes,  sq.  ft 3.761  3.985 

Heating  surface  in  drums,  sq.  ft 314  209 

Heating  surface,  total  sq.  ft 4.075  4.194 

Grate  surface,  sq.  ft 66. s  66.5 

"The  samples  of  scale  taken  from  the  Parker  boiler,  submitted  to  us 
with  the  above  letter,  are  all  about  i-i6-in.  in  thickness.  Why  the  scale 
should  flake  ofif  in  this  boiler  after  reaching  this  thickness  and  not  con- 
tinue to  accumulate,  as  happens  in  other  types  of  water-tube  boilers,  is  a 
difficult  question  to  answer.  Apparently  the  only  reason  that  can  be  found 
is  the  velocity  of  circulation  through  the  lower  tubes,  which  is  very  much 
in  excess  of  that  in  any  other  design  of  water-tube  boiler  which  we  now 
recall." 

This  boiler  is  in  use  at  the  present  time,  and  another  competi- 
tive test  made  durn.ig-  the  spring  of  1903  showed  o\-er  5  per  cent. 
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in  ta\(jr  (jf  the  Parker  b(jiler,  even  after  the  Babcock  and  Wilcox 
had  been  thoroughly  cleaned,  while  the  ''Parker"  had  never  had 
its  tubes  brushed  out. 

During  the  time  this  boiler  has  been  in  service.  18  months, 
there  have  been  but  three  tubes  replaced,  one  of  which  was  cut  in 
being  expanded  into  the  boxes  and  one  other  had  a  slight  crack 
caused  by  work  done  on  it  previous  to  this  period  of  test.  Four 
tubes  have  i)ulled  out  of  their  l)(jxes,  and  as  three  of  these  oc- 
curred in  one  element,  it  was  found  to  be  due  to  a  defective  check 
valve. 

This  boiler  is  at  the  13th  and  Mt.  Vernon  Sts.,  power  station, 
and  was  built  out  of  a  three-drum  boiler  of  the  Babcock  and  Wil- 
cox type,  the  middle  drum  of  which  was  raised  to  serve  as  the 
steam  cliaml^er,  the  w-ater  level  being  maintamed  in  the  other  two. 
Curved  lubes  were  put  in  the  bottoni  row,  so  as  to  get  the  up- 
casts up  separately  to  the  steam  drum  at  the  front  end.  In  the 
later  designs,  straight  tubes  are  used.  This  boiler  has  been  ex- 
amined while  in  operation  and  while  laid  off  for  inspection  by 
meml)ers  of  the  sub-committee  and  many  prominent  engineers, 
who  ha\'e  .latisfied  themselves  that  the  tubes  were  free  from  scale, 
which  appeared  to  collect  in  the  drums,  from  which  it  could  be 
shoveled  out  together  with  the  mud  which  had  settled  there. 

The  satisfaction  given  by  this  boiler  and  its  advantages  in 
economy  and  in  keeping  free  from  scale  have  caused  the  Philadel- 
phia Rapid  Transit  Co.  to  have  six  more  built,  with  6500  sq.  ft. 
of  heating  surface  each.  Some  of  these  are  now  in  operation. 
These  boilers  have  two  54-inch  drums,  wliich  are  divided  by  a 
horizontal  diaphragm.  f(»rming  the  steam  and  water  drums  in 
one  shell.  All  the  tubes  are  straight  and  (|uite  accessible,  and 
special  facilities  are  provided  for  blowing  off  the  flue  dust  from 
the  tubes  by  steam  jets,  which  are  built  into  the  setting.  Two 
similar  boilers,  with  8730  sq.  ft.  of  heating  surface  each,  have 
Ix'en  put  in  operation  at  John  B.  Stetson's  factory,  Philadelphia. 
There  are  also  three  small  boilers  in  use,  one  of  100  il.  P.  in 
Chester,  Pa.,  and  one  of  20c  II.  I',  in  Phila(leli)hia,  and  one  in 
Michigan. 

I'^igure  4  is  a  longitudinal  section  of  the  boiler  as  now  Iniilt. 
I'igurc  5  shows  how  the  front  junction  boxes  may  be  separated 
to  replace  a  tube.  The  boxes  above  the  tube  to  be  replaced  are 
lifted  li\e  or  ^i\  inches. 
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Ill  the  I'arker  boiler  the  economizer  principle  has  been  applied 
in  a  water -tube  form  of  construction,  which  embodies  all  the  ad- 
\antages  of  this  well-known  type,  and  to  these  adxantages  have 
been  added  self-cleaning  features  not  possessed  by  older  types. 

The  essential  features  of  forced  circulation  are  broadly  cov- 
ered in  U.  S.  Patent  No.  608,218,  dated  August  2.1898,  and  in 
No.  628,606,  dated  July  11,  1899,  which  is  of  less  importance,, 
copies  of  which  arc  appended  to  this  original  report. 

In  conclusion,  your  committee  deems  it  most  remarkable  that 
after  the  many  years  in  which  boilers  have  been  made  and  in 
many  forms  in  which  they  have  appeared,  each  of  which  pre- 
sented some  novelty  of  construction  or  impro\ement,  that  there 
should  be  room  for  anything  new  in  this  well-worn  field. 

An  examination  of  the  various  types,  beginning  with  the  plain 
cylindrical  boiler,  the  return  tubular  and  last  the  water-tube,  will 
show  that,  while  great  strides  have  been  made  on  the  score  of 
safety  and  economical  performance,  by  decreasing  the  size  of  the 
heated  unit  and  increasing  the  proportion  of  heating  surface  to 
g'rate,  u])  to  the  present  there  has  been  no  radical  change  which 
would  allow  of  the  highest  thermal  efficiency. 

In  recognition  of  the  invention  of  an  improved  water-tube 
boiler  by  John  C.  Parker,  and  of  his  additions  to  our  knowledge 
of  the  Art  of  Steam  Generation,  the  Franklin  Institute  recom- 
mends to  him  the  award  of  the  Elliott  Cresson  Medal.* 

Adopted  at  the  stated  meeting  of  the  Committee  on  Science 
and  the  Arts,  held  Wednesday,  March  2,  1904. 

Atte-jt  :  Wm.  H.  W'.vTiL,  Sec' v. 


A  BIG  SPRING. 

No  State  in  tlie  Union  has  larger  or  more  numerous  springs  than  Flor- 
ida. Many  of  them  form  good-sized  streams  from  the  start,  and  some  of 
them  are  navigable.  The  largest  spring  in  the  State,  and  one  of  the  largest 
and  probably  the  best  known  in  the  United  Statesi  is  Silver  Spring,  which 
is  located  six  miles  east  of  Ocala.  This  spring  forms  the  source  of  the 
Oklawaha  River,  a  tributary  of  the  St.  Johns,  and  steamboats  traversing  the 
river  enter  the  spring  basin,  which  has  an  area  of  several  acres.  The  water  is 
from  25  to  30  feet  deep  and  is  wonderfully  clear,  appearing  absolutely 
colorless. 

*Since  the  adoption  of  the  above  report  about  50.000  H.P.  of  these 
boilers  have  been  placed  in   service.  F.   H. 
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(Stated  Mcctiii!^  held  Ji'rdiirsday.  September  16.  1907.) 


Camden's  Artesian  Water   Supply    Is  Not   Derived   from  the 
Delaware  River  by  Infiltration. 


Bv  Pkoi".  Oscar  C.  S.  Caktkk. 


Tlie  subject  ul  undcrj^rouiid  water  is  one  that  requires  knuwl- 
e(\ge  of  a  special  kind.  It  is  not  a  fjuestion  that  can  be  worked 
out  in  the  hbrary  or  a  question  that  an  engineer  or  chemist  can 
decide  offhand.  The  problem  of  underground  water  in  all  its 
intricacies  is  prinuirily  a  (juestion  for  the  geologist  who  has  given 
special  study  to  dynamical  and  structural  geology,  or  better,  to 
that  division  of  the  subject  known  as  stratigra])hy.  He  may  be 
an  excellent  authority  on  fossils  and  know  comparatively  little 
about  un<lerground  water;  he  may  be  an  authority  on  topography 
or  an  expert  nn'neralogist  and  lithologist  and  yet  be  incapable 
of  giving  the  simplest  advice  about  the  circulation  or  supply  of 
underground  water.  A  geologist  with  modern  chemical  training 
such  as  is  given  by  your  universities  to-day  can  readily  determine 
whether  a  water  is  hard  or  soft  or  even  if  it  be  unpotable  from 
large  excess  of  organic  matter,  but  thes;:;  are  (juestions  primarily 
for  the  chemist,  and  a  complete  up-to-date  analysis  of  water  in 
which  the  ])ercentage  of  all  the  constituents,  e\en  the  most  minute, 
are  determined,  recpiires  skill  and  care. 

J'he  chances  of  getting  underground  water,  the  probable  yield, 
whether  it  will  be  constant,  and  many  other  (piestions  that  arise; 
the  geologist  can  often  stilve  if  he  lias  made  a  special  study  of 
this  subject,  but  something  more  is  necessary  besides  this  theo- 
retical and  technical  knowledge  and  that  is  a  practical  knowledge 
gained  1)\-  sHidying  llie  records  <if  artesian  wells  drilled  in  difter- 
ent  parts  of  the  country  as  the  wi>rk  progresses.  By  artesian  well 
records  we  mean  records  kept  of  the  depth  of  well,  kind  of  rocky 
strata  passed  through  from  top  to  Ixitti'ni.  number  i>f  crevices 
struck  and  whether  thev  yield  water  or  are  tlry  creN'ices.  height 
of  water  in  the  well,  number  of  gallons  yi«.'l(led  per  Ikhu".  how 
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much  the  water  (h'ops  in  the  well  on  pumping  several  hours  or 
days,  &c.  It  seems  wonderful  to  the  layman  that  a  driller  when 
drilling  an  artesian  well  1500  feet  deep,  or  deeper,  can  tell  the 
number  of  crevices  struck  and  whether  they  yield  water  to  the 
weW  or  are  dry,  and  yet  the  mystery  is  not  so  great  when  we 
know  that  the  heavy  drill  is  attached  to  a  long  rope  which  is  lifted 
by  the  engine;  the  driller  merely  turns  this  occasionally  so  that 
the  drill  makes  a  round  hole.  When  the  drill  strikes  an  under- 
ground rre\ice  it  drr-vs  and  tlie  (h-iller  feels  it.  When  the  sand 
pump  or  bucket  is  put  down  to  clean  out  the  drillings  and  there 
are  none  there,  lie  kncjws  they  were  washed  awa\'  and  he  has 
struck  a  stream  in  a  crexice  of  running  water.  He  knows  the 
depth  of  rope  in  the  well  and  how  much  it  drcjpp^d  when  the 
cre\'ice  was  struck  and  hence  the  width  of  th^  cre\'ic2.  Camden 
is  a  cit}'  located  in  Xew  Jersey  along  the  Delaware  River  opposite 
Philadelphia.  It  is  the  starting  point  f(jr  ths  railroads  that  lead 
to  Atlantic  City.  The  water  supply  since  1853  Wc:s  drawn  from 
the  eastern  channel  of  the  Delaware,  which  flow  bjtw^en  Pettys 
Island  and  the  Jersey  sliore,  but  as  the  Delaware  receives  the  sew- 
age of  Philadelphia  and  the  towns  above,  avid  the  tide  rushes  up 
the  estuar\-  known  as  the  Delaware  Bay  a-id  then  u])  the  river 
as  far  as  Trenton  the  source  of  supply  was  hnally  abandoned 
owing  to  the  increase  of  typhoid  cases  and  other  forms  of  sick- 
ness. Artesian  wells  were  then  looked  to  ?s  a  source  of  supply 
and  a  series  of  test  wells  were  put  down  just  north  of  Delair,  a 
small  town  two  or  three  miles  north  of  Canxlen,  along  the  Dela- 
ware. These  wells  furnished  an  excellent  sujjply  of  potable  water. 
It  was  then  determined  to  draw  the  entire  supply  for  the  city  of 
Camden  from  this  vicinity.  zAccordingly  about  100  acres  of 
meadow  land  just  north  of  Delair  along  the  Delaware  River  be- 
tween Pensauken  Creek  and  Pochuck  Creek  were  purchased. 
This  land  lies  between  the  Camden  and  Amboy  R.  R.  and  the 
Delaware  River.  In  this  tract  within  a  stone's  throw  of  the 
river  during  1897  ^^'^^^  1S98  there  ^vere  put  down  one  hundred 
and  one  artesian  wells.  Eighty-nine  of  these  wells  were  drilled  in 
the  ordinary  way  and  twelve  put  down  by  the  hydraulic  process. 
Some  of  the  details  about  the  wells  are  taken  from  the  Annual 
Report  of  the  State  Geologist  of  New  Jersey  for  1898  and  were 
collected  by  Lewis  Woolman.  to  whom  much  credit  is  due  for 
his  industry  in  collecting  records  of  Xew  Jersey's  underground 
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watei  supply.      I'lic  twelve  wells  in  the  southern  tract  were  pro- 
vidc'l  witli  stnn'ncrs  at  the  bottom  thirty  to  forty  feet  in  length 
Jhey  were  of  j^ahanized  iron  pipe  provided  with  5^-inch  holes 
and  covered  on   the  outside  with   brass  cloth.     The  remaining 
eight\'-nine  \vclls  liad  strainers  twent\'-four  feet  long'  with  par- 
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allcl  slois  {  oi  an  inch  apart.  Kcfcrcncc  is  made  to  these  strainer-^ 
because  they  were  afterwards  changed.  It  is  understood  that 
these  wells  are  lined  with  iron  pipe  which  is  lowered  as  the  well 
is  drilled  and  the  strainers  allow  the  water  to  enter  at  the  IxU- 
tom  and  pre\ent  the  well  clogging  w  ith  sand  ttr  clay.      The  wells 
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are  classitiecl  into  shalknv  and  deep  wells.  The  shallow  ones  are 
from  fift}-  to  seventy  feet  in  depth  and  the  deeper  ones  from  ninety 
to  one  hundred  and' twenty-five  feet.  The  author  is  well  aware 
that  some  authorities  would  like  to  limit  the  term  artesian  well 
to  deep  w?lls  that  flow.  But  this  is  not  the  general  acceptation 
of  the  term  at  all  among  authorities  at  the  present  time.  Artesian 
wells  are  named  from  the  province  of  Artois  in  France.  Hun- 
dreds of  artesian  wells  are  put  down  in  this  country  (United 
States)  every  year,  some  of  them  from  looo  to  2000  feet  in  depth 
and  probably  not  five  per  cent,  of  those  put  down  in  the  Eastern 
States  are  flowing  wells.  The  water  rises  to  within  ten  to  thirty 
feet  of  the  surface  and  is  readily  pumped  the  rest  of  the  way.  In 
the  \Vest,  flowmg  artesian  wells  are  more  common,  and  it  is  no 
uncommon  sight  to  see  an  enormous  stream  feeding  an  irrigation 
ditch  or  forming  a  small  artificial  lake  where  thousands  of  cattle 
are  watered.  Neither  is  it  desirable  to  restrict  the  term  artesian 
to  very  deep  wells.  Many  shallow  wells  that  are  drilled  in  the 
ordinary  way  or  by  the  hydraulic  process  furnish  avt  abundance 
of  water,  often  more  than  the  deeper  wells.  The  difference  be- 
tween an  artesian  well  and  a  dug  well  is  so  clear  that  it  is  not 
necessary  to  restrict  the  term  artesian  to  flowing  wells.  In  or- 
der to  get  a  clear  conception  of  New  Jersey's  artesian  wells  we 
must  have  a  general  idea  of  the  topography  of  the  State.  Most 
of  these  wells  are  in  the  southern  half  of  the  State,  known  as  the 
coastal  plain,  a  low,  flat  sand  plain  which  we  travel  over  from 
Camden  to  Atlantic  City.  Northern  New  Jersey  is  mountainous. 
The  Kittatinny  Mountains,  belonging  to  the  Appalachians,  ex- 
tend from  Pennsylvania  through  Northern  Jersey.  They  are 
steep  sided,  even  crested  ranges  over  1500  feet  above  tide  with 
wide  valleys  between.  The  next  zone  south  and  east  of  the  moun- 
tains are  the  Highlands,  a  series  of  block-like  masses,  not  peaks: 
the  elevation  is  about  1200  feet  above  tide.  The  next  zone  south 
and  east  of  the  Highlands  is  the  Piedmount  plain,  commonly 
called  plateau.  The  topography  varies ;  in  some  places  it  is  low 
plateaus,  in  others  it  is  a  rocky,  rolling  country.  The  elevation 
is  about  800  feet  above  tide.  These  zones  comprise  the  northern 
half  of  the  State,  which  is  mountainous  or  hilly.  There  are  plenty 
of  rivers  and  creeks  and  water  power  is  ample,  hence  artesian 
wells  are  not  so  necessar}-  in  Northern  New  Jersey.  But  in 
Sop.tbern  jerse}'  the  rivers  How  sluggishly  alojig  the  sandy,  coastal 
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plain.  There  are  few  cascades  or  waterfalls,  hence  practically  n<» 
\\ater  power  for  manufactories  unless  danis  are  built,  and  the 
toi)og;raphy  is  not  favorable  for  them.  The  creeks  are  far  apart 
and  small,  hence  towns,  \illages  and  farms  often  depend  wholly 
on  artesian  water.  Along  the  coasi:  where  the  tide  ascends  the 
lagoons  and  tidal  estuaries  and  makes  brackish  water  in  the  rivers 
this  is  especially  the  case,  and  Atlantic  City.  Ocean  Grcjve  and  in 
fact  all  the  seaside  resorts  use  artesian  water.  The  so-called 
coastal  plain  of  the  L'nited  States  begins  at  Long  Branch  and  ex- 
tends along  the  .\llantic  coastal    and    Gulf    States    to    the    Rio 
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( irand  ki\er  in  Texas.  It  is  a  country  of  sands,  marls  and  clays 
and  is  not  rocky  in  the  popular  acceptation  of  the  term.  1'he 
plain  varies  from  si.xty  to  one  hundred  miles  in  width.  This 
plain  does  iK»t  end  at  the  beach  but  continues  under  water  out  to 
sea  for  from  fifty  to  one  hun.dred  miles  according  to  locality.  It 
is  known  as  the  submerged  coastal  plain.  The  increa.se  in  depth 
is  \  cry  gradual,  ir-  fact  the  fall  is  only  lue  t)r  six  feet  per  mile. 
A\hich  wo'ild  make  an  .alnio>t  pcvfectlx-  le\el  plain  to  the  eye.  if 
the  oce.'ui  sliould  rcce<lc    ind  the  land  bi'come  ele\ateii.      In   tact 
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we  have  to  tra\el  lOO  miles  off  Sandy  Hook  bef<jre  we  reach  the 
lOO  fathom  hne.  but  when  we  come  to  the  end  of  this  great  sub- 
merged continental  platform  the  depths  are  no  longer  shallow 
but  abyssal.  Now  there  are  three  divisions  of  this  coastal  plain 
in  Southern  Jersey.  1'he  marl  belt,  the  hilly  belt  and  the  sandy 
plain.  When  we  leave  Camden  for  Atlantic  City  we  soon  enter 
the  marl  belt.      Marl  is  a  greenish  earth  msde  up  of  shells  and 
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clay.  The  lime  of  the  shells  makes  it  a  \'aluable  fertilizer  for 
cereals  and  grasses.  There  is  a  little  phosphoric  acid  and  potash 
in  green  sand  marl.  The  Marl  Belts  extend  from  Raritan  Bay 
to  Salem  on  the  Delaware  River.  The  belts  are  from  five  to 
fifteen  miles  wide  and  vary  in  thickness  from  two  inches  to  twent}' 
feet.  The  beds  dip  or  slope  tow^ards  the  ocean.  \\'hen  w'e  leave 
the  marl  belt  we  come  to  the  hilly  belt.    These  are  generally  sand 
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hills  of  g-eiiile  relief  and  they  act  as  a  water  shed  and  separate  the 
streams  which  flew  into  the  Atlantic  Ocean.  In  the  marl  and 
hilly  belts  we  hnd  the  best  farm  land  in  Sonthern  Jersey.  Be- 
tween the  hilly  belt  and  the  ocean  stretches  the  long,  low  .'ind  level 
sandy  plain.  Here  the  soil,  on  account  of  the  sand,  is  unusually 
poor  and  in  marked  contrast  with  the  other  belts ;  farms  are  few 
and  far  between  and  the  greater  part  of  the  plain  is  covered  with 
unbroken  pine  forests  and  a  dense  undergrowth  of  high  ferns 
called  brake.  When  we  examine  the  sand  we  see  that  it  is  ocean 
sand.  The  gravel  beds  miles  away  from  the  shore,  now  used  for 
macadamizing,  tell  an  interesting  story.  They  were  the  beach 
lines  of  former  ages  where  the  pebbles  along  the  beach  had  their 
sharp  corners  worn  off  by  the  action  of  the  waves.  Enough  has 
been  said  about  the  topography  of  Southern  Jersey  to  make  it 
plain  that  the  formations  were  laid  down  under  water;  the  oyster 
and  other  shells  in  the  marl  show  it,  and  the  old  beach  lines  oi 
pebbles  and  the  fine  white  beach  sand  miles  inland  prove  it. 

At  the  end  of  a  certain  age  of  the  cretaceous  period,  know!! 
as  the  Dakota  Age,  there  was  a  great  subsidence  of  the  eastern 
coast  of  the  United  States,  and  what  is  now  known  as  the  coastal 
plain,  which  begins  at  Long  Branch  and  ends  at  the  Rio  Grande 
in  Texas,  was  submerged  under  the  Atlantic.  The  southern  half 
of  Jersey  just  described  was  under  water  and  the  waves  beat 
agpinst  the  ridge  of  hills  known  as  the  Chestnut  Hill  Ridge  just 
back  of  Philadelpiiia.  It  was  during  the  cretaceous  period  that 
th.e  upper,  middle  and  lower  marl  belts  were  laid  down  under 
water  after  the  subsidence  of  the  coast  line.  The  marl  at 
MuHica  Hill  and  other  places  is  one  mass  of  fossils,  containing 
such  well  known  forms  as  Exog)-ra  and  Gryphoea,  both  members 
of  the  oyster  family,  also  Belemnite  casts,  a  member  of  the  cuttle 
fish  order  and  the  casts  of  numerous  marine  snail  shells  (Gas- 
teropods. )  The  Philadelphia  rocks,  which  we  find  at  Chestnut 
Hill,  Germantown,  Bryn  Mawr  and  along  the  Schuylkill  from 
Gray's  Ferry  up  beyond  Lafayette,  are  gneisses,  mica,  schists  with 
belts  of  igneous  rocks  here  and  there.  This  rocky  floor  of 
micaceous  rocks  extends  under  Southern  Jersey  and  may  even  ex- 
tend under  the  ocean  as  far  out  as  the  edge  of  the  submerged 
continental  platform.  It  can  readily  be  seen  that  this  rocky  floor 
formed  the  bed  of  the  ocean  and  the  clays  and  marls  of  the 
cretaceous  period  were  laid  down  ui)on  this  rocky  floor  which  is 
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now  buried  many  feet  below  the  surface.  The  deep  well  at  At- 
lantic City  (2000  feet  deep),  which  was  drilled  from  the  pier  in 
the  ocean,  did  not  reach  this  rocky  floor.  The  beds  of  clay  and 
sand  resting  on  top  of  the  marls  are  younger  because  they  were 
laid  down  afterward ;  they  vary  in  age  according  to  position,  from 
the  surface  Quaternary  beds  to  the  deep  miocene  beds  of  the 
Tertiary  period.  In  the  following  table  the  youngest  beds  are  on 
top  and  the  oldest  at  the  bottom: 

Quarternary  Period: — Sand  and  gravel. 
Tertiary  Period: — Sand  and  gravel. 

f  Age,  Manasquan  or  upper  marls. 

'■  Rancocas  middle  marls. 

Cretaceous  Period \     "  Monmouth  lower  marls. 

}      "  Matawan  clay  marls. 

[     "  Raritan  plastic  clay. 

The  plastic  clays  of  the  Raritan  rest  on  the  rocky  floor.  The 
accompanying  ideal  section  from  a  paper  by  N.  H.  Darton,  of  the 
United  State  Geological  Survey,  makes  clear  the  position  of  these 
beds  and  the  rocky  floor  which  underlies  tliem.  It  is  evident 
from  the  section  that  these  beds  dip  or  slope  towards  the  ocean. 
The  second  ideal  section  shows  how  the  rainfall  in  Southern  Jer- 
sey filters  down  through  the  sand  until  it  meets  a  bed  of  clay 
which  is  impervious  to  water.  The  sand  bed  confined  between 
two  clay  beds  becomes  saturated  with  water  so  that  when  an 
artesian  well  is  put  down  to  the  sand  bed,  the  water  rises  in  the 
iron  pipe  and  sometimes  overflows,  providing,  of  course,  the 
column  of  water  in  the  sand  bed  is  higher  than  the  well.  These 
general  preliminary  facts  are  necessary  to  a  clear  comf)rehension 
of  Southern  Jersey's  underground  water  supply.  The  plan  of 
the  wells  above  Camden  is  taken  from  the  Annual  Report  of  the 
State  Geologist  for  1898,  shows  the  position  of  the  wells  in  the 
southern,  central  and  northern  tract  and  shows  that  they  are  all 
■near  the  Delaware  River  or  its  tributary,  the  Pensauken  Creek. 
It  shows  that  they  are  all  connected  with  lateral  pipes  which 
empty  into  four  main  pipes,  which,  in  turn,  empty  into  an  enor- 
mous cistern  or  underground  reservoir  known  as  the  receiving 
well,  which  is  thirty-five  feet  deep  and  thirtv  feet  in  diameter 
From  this  reservoir  it  is  forced  to  Camden  through  a  36-inch 
main  over  19,000  feet  long  and  then  by  a  30-inch  main  about 
13.000  feet  long  to  South  Camden,  where  there  is  a  stand  pipe  on 
elevated  ground  which  pipe  is  no  feet  high  and  thirty  feet  in 
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diameter.  The  only  misleading  thing  about  the  drawing  show- 
ing the  plan  of  the  wells  are  the  numbers  attached  to  each  well. 
These  are  not  depths  of  the  wells  but  are  numbers  that  were  given 
to  them  in  the  order  that  they  were  put  down.  It  is  e\ident  that 
the  wells  are  put  down  in  the  sand  along  the  river.  Several  years 
ago  at  a  monthly  meeting  of  Philadelphia  geologists  Mr.  Wool- 
man  was  explaining  the  underground  water  horizon  of  New  Jer- 
sey by  means  of  a  large  colored  chart  which  was  exceedingly  in- 
structive and  useful  and  had  been  prepared  with  great  care  froni 
many  records  of  artesian  wells.  The  statement  was  made  that 
Camden  artesian  water  supply  at  Delair  was  derived  from  the 
Delaware  River  liy  the  water  filtering  through  the  sands.  Dur- 
ing the  discussion  the  almost  unanimous  opinion  was  that  Cam- 
den's water  supply  was  merely  Delaware  water  that  had  filtered 
through  the  sands.  The  author  dissented  from  this  opinion  and 
at  a  future  meeting  presented  proofs  to  support  the  opposite  view, 
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which  is  that  Camden's  water  supply  does  not  come  from  the 
Delaware  but  from  the  higher  ground  east  of  the  Delaware  where 
it  filters  down  through  the  sand  towards  the  river  valley,  and 
that  the  composition  of  the  Delaware  water  is  entirely  different 
and  that  analysis  shows  them  to  be  totally  unlike.  Some  contend 
that  this  is  a  matter  of  grave  import  to  Camden,  inasmuch  as  they 
went  to  great  expense  to  avoid  the  Delaware  water  and  that  thej' 
do  not  want  it  even  if  it  filters  through  the  natural  sand  beds 
along  the  river.  Of  course  there  is  this  to  be  said  about  it,  the 
conditions  are  entirely  different  from  those  of  an  artificial  filter 
bed ;  the  artificial  beds  can  be  cleaned  and  they  are  not  used  until 
they  are  ripe,  that  is,  until  a  slimy  vegetable  growth  accumulates 
on  the  top  layer  of  sand.  It  is  this  slimy  growth  which  does  the 
work  and  filters  out  the  disease  bacteria  as  well  as  the  harmless 
ones.  It  is  a  well  known  fact  that  we  could  not  pack  even  very 
fine  sand  close  enough  to  remove  germs  that  it  takes  a  microscope 
of  high  power  to  detect,  but  when  the  slimy  growth  accumulates 
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the  bacteria  are  destroyed.  Whether  these  thick  sand  beds  be- 
tween the  wells  and  the  river  would  filter  the  water  thoroughly, 
providing  it  might  drain  towards  the  wells,  is  a  question  that  will 
bear  investigation;  the  author  inclines  to  the  view  that  they 
would.  The  people  of  Camden,  however,  need  give  themselves 
no  concern  on  that  score,  as  the  water  comes  from  a  different  di- 
rection, for  the  following  reasons :  First,  the  composition  proves 
them  to  be  entirely  different.  These  analyses  were  furnished  by 
the  City  Engineer  in  1900;  they  were  made  some  time  previous : 

Artesian  Water  from  Test  JVelL.  Delaware  River  Water, 

Total    solids 30.  Taken  150  feet  off  Fishers  Point. 

Chlorine     8.6  Total    solids no. 

Free    ammonia 0.15        Chlorine     5.0 

Albuminoid    ammonia 0.12         Free  ammonia   0.04 

Nitrites     None.       Albuminoid  ammonia 10 

Nitrates     2.210      Nitrites     None. 

Silica    82.7      Nitrates     Trace. 

Iron     I  Condition   Slightly  turbid. 

Alumina    298       Color    Slightly  yellow. 

Lime    44.3      Odor   Faintly  musty. 

Magnesia     16        Reaction    Alkaline. 

Sulphuric    acid 118 

The  first  analysis  was  made  l)y  Gilbert  Landis:  the  second  by 
Dr.  Henry  Leffmann.  They  are  calculated  in  parts  per  1,000,000. 
The  total  solids  in  the  artesian  water  are  low,  less  than  one-third 
of  what  they  are  in  the  Delaware  water.  The  lime  and  magnesia 
are  particularly  low ;  this  makes  it  a  very  soft  water  and  explains 
why  no  scale  forms  in  the  boilers  since  they  have  been  using 
artesian  water.  This  was  not  the  case  where  Delaware  water 
was  used,  as  a  scale  formed  then.  The  hardness  of  the  artesian 
water  is  only  1.78  degrees,  which  is  very  much  less  than  even 
Schuylkill  v/ater.  This  is  very  unusual,  because  artesian  waters 
in  Pennsylvania  are  generally  harder  than  river  waters.  The 
author  has  made  a  study  of  between  thirty  and  forty  wells  drilled 
in  vSoutheastern  Pennsylvania  and  published  the  records  of  most 
of  them  and  their  waters  are  generally  harder  than  river  Avater, 
particularly  the  wells  drilled  in  the  Triassic  sandstone  of  Bucks 
and  Montgomery  counties.  Some  of  these  wells  yield  water 
twice  as  hard  as  Schuylkill  water,  although  much  of  the  hard- 
ness disappears  after  the  well  has  been  in  use  for  several  months. 
The  second  proof  that  it  is  not  filtered  Delaware  water  is :  That 
not  over  six  weeks  elapsed  after  these  wells  were  started  and 
millions  of  gallons  were  pumped  for  Camden  before  it  was  found 
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that  the  farmers'  wells  east  of  Delair  within  a  mile  ran  dry. 
These  were  the  ordinary  shallow  dug  wells.  Many  fanners  were 
obliged  to  put  down  deep  artesian  wells.  Now  if  Camden's  sup- 
ply merely  filtered  in  from  the  Delaware,  the  farmers'  wells  east 
of  Delair,  some  of  which  are  on  high  ground,  would  not  be 
affected  in  the  slightest.  The  artesian  wells  in  the  northern  and 
central  tract  extend  to  Pensauken  Creek  and  even  the  farmers  on 
the  other  side  of  the  creek  and  beyond  complained  that  their  dug 
wells  ran  dry.  These  facts  clearly  prove  that  the  water  comes 
from  the  higher  ground  east  of  the  Delaware  and  that  the  direc- 
tion of  flow  of  the  underground  water  is  towards  the  Delaware 
and  not  from  the  Delaware  outward.     This  fact  is  very  clearly 
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brought  out  in  an  article  on  the  "Principles  and  Conditions  of  the 
Movements  of  Ground  Water,"  by  F.  PI.  King.  See  19th  An- 
nual Report,  part  II,  page  95,  U.  S.  Geological  Survey,  where 
he  states :  "There  is  a  widespread  general  belief  that  the  level  of 
standing  water  in  the  ground  is  indicated  by  the  level  of  the 
waters  in  the  rivers  and  lakes  of  the  district  in  question,  and  that 
wells  must  be  sunk  to  those  levels  before  water  will  be  reached  by 
them.  It  is  even  commonly  thought  that  the  water  which  sup- 
plies the  local  wells  of  a  region  actually  seeps  into  the  soil  and 
rock  from  the  beds  of  rivers  and  lakes.  So  far  is  this  common 
impression  from  being  true  that  its  exact  opposite  is  the  real  ex- 
pression of  the  facts.  The  surfaces  of  rivulets,  brooks,  creeks, 
streams,  rivers  and  lakes  lie  below  the  level  of  standing  water  in 
the  ground  adjacent  to  them  and  from  which  almost  everywhere 
water  is  steadily  but  usually  flowing  slowly  into  them.  There  is 
a  slow  but  general  seepage  from  the  surrounding  higher  lands." 
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To  quote  still  further :  "It  is  plain,  therefore,  that  streams  wind- 
ing' through  the  lowest  levels  of  valleys,  in  regions  of  humid  cli- 
mates, must  receive  increments  to  their  volume  of  water  step  by 
step  as  they  move  along.  It  is  further  evident  that  low-lying 
flat  areas  between  higher  ground  may  be  made  and  kept  wet  by 
the  slow  rise  of  water  from  beneath  as  it  is  forced  upward  under 
the  hydrostatic  pressure  developed  by  the  accumulation  of  water 
percolating  down  through  the  surrounding  higher  land  and  in 
the  figure  is  represented  in  diagrammatic  form  the  directions  of 
movement  of  the  ground  water  as  it  passes  downward  through 
the  porous  soil  and  outward  from  beneath  the  higher  areas  to 
seek  an  outlet  in  river  channels  or  in  the  beds  of  lakes." 

In  Philadelphia's  new  water  supply  the  water  is  taken  from  the 
Delaware  at  Torresdale,  then  filtered  by  sand  filtration  and  then 
carried  by  an  underground  conduit  ten  feet  seven  inches  in  diam- 
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Ideal  section,  showing  alternate  beds  or  sand  and  clay. 

eter  and  loo  feet  below  the  surface  to  Tacony  where  it  is  piped  to 
Philadelphia.  The  statement  was  made  in  print  and  attributed 
to  a  prominent  engineer  that  the  conduit  would  leak  less  when 
the  level  of  the  Delaware  was  high  and  leak  more  when  the  Dela- 
ware was  low.  The  idea  was  there  would  be  more  pressure  of 
underground  water  on  the  outside  of  the  conduit  when  the  Dela- 
ware was  high.  From  what  we  have  just  stated  the  seepage  is  in 
the  other  direction. 

The  third  proof  that  it  is  not  filtered  Delaware  water  is :  The 
artesian  wells  that  furnish  the  water  for  Camden  are  not  affected 
by  the  rise  and  fall  of  the  tide  of  the  Delaware.  As  explained 
before  all  of  these  wells  are  comparatively  near  the  Delaware  and 
if  it  was  merely  filtered  Delaware  water  the  water  in  the  wells 
would  rise  and  fall  with  the  tide.  Mr.  Ridpath,  an  artesian  well 
driller,  who  put  new  strainers  on  these  wells,  is  authority  for  the 
statement  that  the  wells  are  unaffected  by  the  tides. 

It  is  interesting  to  note  that  the  artesian  wells  at  seaside  resorts 
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along  the  coastal  plain  rise  and  fall  with  the  tide.  In  the  Annual 
Report  of  the  State  Geologist  of  New  Jersey  for  1898,  pages  76 
and  79,  are  found  the  following  statements : 

"Tidal  rise  and  fall  of  the  water  in  artesian  well  at  Ventnoi , 
south  of  Atlantic  City — well  813  feet  deep — 

"After  the  completion  of  the  well  and  hefore  the  connection 
with  the  water  supply  system  a  series  of  observations  were  made 
covering  a  period  of  three  weeks,  showing  a  tidal  rise  and  fall  of 
water  in  the  well  regularly  following  the  rise  and  fall  of  water  in 
the  ocean,  and  appro.ximately  three-fourth.s  of  an  hour  later. 
These  observations  were  made  by  James  C.  C'alvert,  the  Postmas- 
ter at  Ventnor.  A  study  of  his  measurements  show  that  the 
difference  between  two  consecutive  tides  varied  from  7^  to  14^ 
inches.  In  the  artesian  well  at  Avalon,  925  feet  deep,  at  the 
northern  end  of  Seven  Mile  Beach,  observations  were  made  dur- 
ing a  period  of  eight  days  respecting  the  tidal  rise  and  fall  of  the 
water  therein.     The  difference  between  consecutive  high  and  low 


Idpal  sertion,  showiDg  how  sail  water  may  exert  liack   pressure  and  force  fresh  water  in  the  well 
to  rise  and  fall  with  the  tide. 

tides  in  this  well  varied  from  loi  inches  to  15^  inches.  Our  ob- 
ser\  ations  the  pas<;  season  definitely  show  that  the  height  of  water 
in  this  and  otlier  artesian  wells  a]t)ng  the  coast  rises  with,  each 
high  tide  to  a  greater  or  less  ele\ation  according  as  the  tides  on 
the  .shore  are  greater  or  less  in  height,  and  similarly  falls  with 
each  low  tide,  to  a  less  or  greater  lieight  in  the  casing  in  accord- 
ance with  a  less  or  greater  fall  of  the  tides  off  shore." 

The  \valon  well  was  interesting  because  it  was  a  tlowing  well. 
The  water  rose  about  eight  to  nine  feet  above  the  surface,  vary- 
ing in  height  with  the  tides  and  flowed  seventy-five  gallons  a 
minute.  These  facts  are  in  accord  with  what  has  been  said  about 
the  seepage  or  circulation  or  underground  water.  It  is  from  the 
land  towards  the  ocean  ;  were  it  otherwise  we  would  get  salt  water 
in  the  wells  instead  of  fresh.  In  fact,  there  is  not  the  slightest 
doubt  if  we  were  to  put  down  an  artesian  well  in  the  ocean  five 
miles  from  the  shore,  in  certain  places  on  the  submerged  coastal 
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plain,  that  we  would  obtain  fresh  water  after  the  drill  had  pene- 
trated the  deep  clay  beds  and  entered  the  water  horizons  in  the 
underlying  sands.  The  various  deep  clay  beds  are  impervious  to 
water  and  would  keep  the  salt  water  from  getting  to  great  depths. 
As  an  illustration  that  these  beds  of  clay  and  marls  are  contin- 
uous for  great  distances,  we  might  mention  that  the  marl  beds 
which  come  to  the  surface  in  middle  Jersey  slope  or  dip  towards 
the  ocean  and  at  Atlantic  City  the  borings  from  the  deep  artesian 
wells  show  that  these  same  marl  beds  are  8co  feet  below  the  sea. 
The  reason  the  water  in  wells  at  seaside  resorts  rises  and  falls 
with  the  tide  may  be  explained  as  follows:  There  is  no  doubt 
tliat  the  sand  horizons  which  furnish  the  water,  even  if  thev  are 


No  well  defined  and  continuously  connected  clay  beds  near  the  river  and  wells  to  make  a  vertical) 
section.    The  continuous  beds  of  sand  and  clay  are  found  to  the  eastward. 


buried  at  great  depths  between  beds  of  clay,  must  appear  on  the 
ocean  bottom  somewhere,  even  if  it  be  at  great  distances  from  the 
coast  in  deeper  water.  This  being  the  case  we  can  understand 
how  the  pressure  of  the  sea  water  would  cause  the  fresh  water  to 
rise. 

This  is  merely  an  ideal  section  and  is  not  intended  to  represent 
beds  ending  at  the  edge  of  the  continental  platform.  How  far 
out  these  beds  extend  and  where  they  make  their  appearance  on 
the  ocean  floor  is  not  known. 

If  this  rise  and  fall  of  water  in  wells  at  seaside  resorts  is  due  to 
tides,  and  we  see  no  reason  at  present  to  doubt  the  statement,  be- 
cause the  wells  were  tested  immediately  after  drilling  and  before 
the  water  was  piped  to  the  cities,  then  we  know  of  no  other  ex- 
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planation  of  the  cause  of  how  the  tides  make  the  water  rise  and 
fall  in  the  well  than  that  given  in  the  diagram. 

To  return  to  the  Camden  wells.  It  is  impossible  to  make  a  sec- 
tion showing  continuous  and  alternate  layers  of  sand  and  clay  in 
the  vicinity  of  the  wells  because  such  continuous  layers  of  clay 
are  not  found  in  the  Delaware  River  Valley  like  they  are  to  the 
eastward.  The  Annual  Geological  Report  of  New  Jersey  for 
1898,  page  no,  states:  "Between  the  water-bearing  strata  of  the 
shallow  and  those  of  the  deep  wells  we  have  not  been  able  after  a 
careful  study  and  the  plotting  of  vertical  sections  to  make  out 
any  well  defined  and  continuously  connected  clay  beds ;  there  are, 
however,  many  beds  of  clay  between  the  two  horizons  which  vary 
in  color,  being  white,  red  or  yellow.  In  thickness  they  measure 
from  a  few  inches  to  ten  feet  or  more.  These  clay  beds  seem  to 
the  writer  to  probably  be  lenticular  in  shape  and  to  be  interbedded 
at  varying  depths  between  the  more  open  sands  and  gravels  and 
to  be  more  or  less  limited  in  extent  so  that  they  cannot  be  traced 
contiinTotisiy  across  the  sections  of  any  great  number  of  wells." 


FIRE-PROOF  CONSTRUCTION. 

A  great  fire,  resulting  in  the  sacrifice  of  hundreds  of  human  lives  and 
the  loss  of  many  million  dollars'  worth  of  property,  is  possible  in  every  city 
of  the  United  States.  The  calamities  of  Chicago  and  Baltimore  might  be 
duplicated  in  New  Orleans  or  St.  Louis.  An  earthquake  in  New  York 
equal  in  intensity  to  the  one  in  San  Francisco  would  cause  an  appalling  loss 
of  life  and  property.  Investigations  made  by  three  of  the  most  competent 
structural  experts  in  the  country  have  led  them  to  the  conclusion  that  there 
are  no  absolutely  fire-proof  buildings.  Not  that  fire-proof  buildings  are 
impossible,  for,  according  to  these  experts,  structural  materials  may  be  so 
selected  and  used  that  adequate  fire  protection  is  practically  assured;  but  in 
the  effort  to  cheapen  construction  in  order  to  obtain  greater  interest  on  in- 
vestments, owners  of  buildings  have  neglected  or  ignored  perils  to  lives  and 
fortunes. 

Soon  after  the  San  Francisco  earthquake,  the  Interior  Department  at 
Washington,  through  the  United  States  Geological  Survey,  assigned  to 
Richard  L.  Humphrey,  Secretary  of  the  National  .\dvisory  Board  on  Fuels 
and  Structural  Materials,  and  Prof.  Frank  Soule.  dean  of  the  College  of 
Civil  Engineering  of  the  University  of  California,  the  task  of  investigating 
the  action  of  the  fire  and  earthquake  upon  so-called  fire-proof  buildings. 
At  about  the  same  time  the  War  Department  assigned  a  similar  task  to 
Capt.  Jf)hn  Ste])lien  Sewell.  Engineer  Corps  U.  S.  A.,  whose  reputation  as 
an  expert  on  fire-proof  building  construction  is  international.  After  a 
thorough  investigation  these  officials  have  prepared  a  careful  report,  which 
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has  just  been  submitted  to  the  Interior  Department  and  will  soon  be  pub- 
lished by  the  Geological  Survey.  The  conclusions  presented  in  this  report 
are  of  great  interest  and  value. 

Mr.  Humphrey,  emphasizing  the  fact  that  the  lessons  of  the  Chicago  and 
Baltimore  fires  are  still  unlearned,  declares  that  a  remedy  for  existing  con- 
ditions can  be  had  only  by  the  enactment  of  strict  building  laws  which  will 
compel  fire-proof  construction.  Professor  Soulo  estimates  that  the  earth- 
quake caused  directly  less  than  lo  per  cent,  of  the  total  loss  at  San  Fran- 
cisco, and  that  of  the  subsequent  and  indirect  efifects— the  paralyzing  of  the 
water  supply  and  its  distributing  system,  the  starting  of  a  fire  impossible  to 
extinguish  with  the  means  at  hand,  the  death  of  at  least  500  persons,  the  de- 
struction of  $500,000,000  worth  of  propety,  and  the  remoter  damages  to 
business,  commerce,  and  labor — nearly  all  might  have  been  prevented  by 
wise  foresight  and  provision.  Capt.  Sewell  points  out  the  fact  that  fires 
and  fire  tests  have  proved  conclusively  the  inadequacy  of  commercial  meth- 
ods of  fire-proofing  as  at  present  applied. 

The  recommendations  of  the  experts  as  to  the  essentials  of  fire-proof 
construction  are  definite  and  positive.  High,  steel-framed  office  buildings 
properly  braced,  are  declared  to  be  stable  and  reliable,  and  concrete  and  re- 
enforced  concrete  structures  are  placed  high  among  materials  well  adapted 
to  withstand  earthquake  and  fire,  while  hollow  tiles  and  hollow  concrete,  al- 
though not  in  the  past  universally  successful,  may  be  so  employed  as  to 
yield  most  satisfactory  results.  Concrete  floors  with  metallic  mesh  re- 
enforcements  are  strongly  recommended  for  strength  and  fire  resistance, 
and  wire  glass,  metallic  rolling  shutters,  and  metallic  sash  have  proved  such 
excellent  fire  protectors  that  wise  economy  demands  their  use  in  every  im- 
portant building.  Other  materials  and  (measures  equally  important  are  enu- 
merated, and  it  is  believed  that  their  adoption,  while  involving  increased 
cost  of  construction,  will  insure  permanence  of  structure  and  at  the  same 
time  greatly  reduce  rates  of  insurance. 


A  TWENTY-FOUR-CENTURY  OLD  TUNNEL. 

Evidence  exists  that  a  work  similar  to  the  famous  Simplon  tunnel,  but 
on  a  smaller  scale,  was  executed  some  twenty-four  centuries  ago.  Owing 
to  the  bad  state  of  the  water  supply  of  Jerusalem,  the  King  ordered  a  res- 
ervoir to  be  made  at  the  gates  of  the  city,  to  which  w-ater  was  to  be  brought 
from  various  springs.  The  Shiloh  tunnel,  by  means  of  which  water  was 
brought  down  from  a  source  to  the  east  of  Jerusalem  and  poured  into  the 
pool  of  Siloam,  was  1080  feet  long,  and  is  in  a  straight  line.  It  has  been 
learned  that  work  was  commenced  at  both  ends  o{  the  tunnel,  and  the  direc- 
tion was  altered  a  number  of  times.  The  floor  of  the  tunnel  is  finished 
with  great  care.  The  width  varies  from  1.9  to  3  ft.,  and  the  height  from  3  to 
9  ft.  There  is  much  speculation  as  to  how  these  engineers  gauged  their 
direction  so  well  as  to  'be  able  to  recognize  and  correct  errors  in  align- 
ment, as  was  certainly  done. — Iron  Age. 
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Classification  and   Uses  of  Cement. 


By  Samlel  S.  Sadtler, 
Member  of  the  Institute. 


With  a  view  nf  classifying-  and  studying  the  subject  of  cements, 
the  writer  hns  jjrej'.'ired  tlie  following  discussion.  This  subject  is 
such  a  brond  one,  embracing  a  wide  range  of  chemicals  and  raw 
mnterjals,  that  the  sc('])e  of  this  paper  can  not  go  beyond  a  gen- 
eral treatment  of  the  suljject. 

Besides  cements  in  the  narrow  sense,  there  are  other  prepara- 
tions which  may  also  be  defined  and  discussed. 

A  cement  is  a  plastic  or  liquid  substance  used  to  join  surfaces. 
It  becomes  firm  or  solid  on  setting. 

A  lute  is  a  plastic  material  used  for  preventing  or  stonping 
leaks  and  is  generally  used  for  temporary  purposes,  hs  setting 
is  generally  of  such  a  character  that  it  may  be  easily  removed. 

Pastes  and  mucilages  are  fluid  substances  used  for  uniting 
paper  .'uid  cloth  or  fastening  them  to  surfaces  such  as  wood  or 
metal. 

The  purposes  for  which  iliis  class  of  substances  are  employed 
are  so  many  that  there  is  hardly  any  line  of  work  that  is  not  in  a 
notable  measure  depending  up<tn  them.  It  is  difficult  to  recall 
any  industry  not  requiring  one  or  more  of  them. 

Wood  workers,  masons,  plasterers,  plumbers,  bookbinders, 
machinists,  the  metallurgical  industries,  manufacturers  of  chemi- 
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cals.  all  industries  where  power  is  a  large  factor,  scientists  and 
householders  are  constant  users  of  cements. 

It  can  hardly  be  said  that  there  is  any  dearth  of  information 
as  to  what  might  be  used  in  special  cases  or  that  there  is  any  diffi- 
culty in  procuring  suitable  materials  for  compounding,  but  it  has 
been  thought  desirable  to  treat  the  subject  in  a  systematic  way. 
This  might  help  persons  to  choose  a  cement,  to  compound  it,  and 
to  get  the  best  results  in  its  use. 

The  fact  is  that  there  are  hundreds  of  formulas  published  for 
making  cements,  where  dozens  would  serve  if  careful  selection 
were  made  by  some  one  and  the  result  properly  classified.  Of 
those  now  published,  too  much  is  claimed  for  some,  others  are 
practically  impossible,  a  large  number  are  unnecessarily  compli- 
cated or  use  expensive  elements  where  cheaper  ones  would  serve, 
such  as  the  use  of  ale  or  brandy  as  media  of  solution.  These  sub- 
stances may  do  the  work  required,  but  simpler  ingredients  natur- 
ally suggest  themselves  and  the  old  formulas  should  be  revised 
accordingly,  provided  tests  show  that  the  changes  are  safe  ones 
to  make. 

SETTIXG. 

To  properly  use  cements  it  is  quite  important  to  understand  the 
rationale  of  their  action.  With  this  knowledge,  if  the  action 
characteristic  of  its  setting  does  not  proceed  satisfactorily,  modi- 
fications of  temperature,  dilution  or  proportions  may  be  made  and 
much  trouble  saved  there [)y. 

The  phenomena  of  setting  may  be  differentiated  as  follows  : 

1.  Evaporation,  loss  of  water  or  other  solvent. 

2.  Hydration,  taking  on  the  elements  of  water. 

3.  Cooling. 

4.  Oxidation. 

5.  Vulcanization. 

6.  Ordinary  chemical  action. 

7.  Combination  process. 

I.  Evaporation.  In  cases  where  setting  takes  place  by  evapo- 
ration there  are  various  considerations  to  be  noted  in  respect 
to  both  solvent,  solute  materials  and  insoluble  filler  if  any. 

The  chief  consideration  is  of  course  as  to  whether  the  mater- 
ials in  solution  or  combined  solution  and  suspension  are  chemi- 
cally and  physically  resistant  to  solution,  corrosion  or  abrasion 
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incident  to  their  use.  'ibis  matter  is,  however,  too  full  of  detail 
to  be  taken  up  at  this  time.  As  to  the  solvent,  however,  some- 
thing may  be  said  here. 

Layers  of  cement  should  not  be  so  deep  as  to  seriously  hinder 
exaporation,  especially  if  the  solvent  is  water.  When  water  is 
used,  unless  the  time  of  setting  is  not  important,  heat  is  generally 
])resent  to  expel  it,  or  some  corrective  filler  used,  such  as  Port- 
land cement  or  plaster.  As  the  solvent  goes  ofif  cracks  are  likels 
lo  develop  if  the  mixture  is  too  thin.  Fibrous  materials  such  as 
noted  below  under  the  head  of  fillers  are  useful  for  holding  it  to- 
gether, and  if  the  body  of  the  cement  is  of  soft  material  such  as 
oils  or  soft  pitch  it  is  especially  desirable  to  have  some  inert  filler 
present  whether  fibrous  or  not.  When  the  solvent  is  not  water, 
choice  of  various  organic  solvents  can  often  be  made.  In  general 
methyl  (wood)  alcohol  and  ethyl  (grain)  alcohol  dissolve  soaps, 
free  organic  acids  and  some  of  the  resins,  while  the  other  sol- 
vents dissolve,  more  or  less  perfectly,  fats,  oils,  some  resins, 
pitches  and  asphalt. 

The  most  important  solvents  are  here  given  in  the  approximate 
urder  of  volatility  (with  boiling  points),  solvent  power  and  cost: 


\  'olatility. 

Sohriit  Power. 

Cost. 

Sulphuric  Ether. .  .35°C. 

Sulphuric  Ether. 

Sulphuric    Ether. 

Carbon  cli-sulphide.46°C. 

Chloroform. 

Ethyl  Alcohol. 

Acetone 56''C. 

Carbon  di-sulphide. 
Carbon  tetrachloride. 

Chloroform. 

Chloroform  6i°C. 

.Acetone. 

Methyl   Alcohol.  ..66°C. 

Turpentine. 

Carbon  tetrachloride. 

Carbon  tetrachloride 

.78°C. 

Glacial  Acetic  Acid. 

Glacial  Acetic  Acid. 

Benzol .So'C. 

Benzol. 

Turpentine. 

Petroleum  benzine 

ioo-iso°C. 

Toluol. 

Denatured  Alcohol. 

'J'oJuol    iii°C. 

.\cetone. 

Wood  Alcohol. 

Glacial  Acetic  Acid 

Benzol  (straw  color^ 

II9°C. 

Petroleum   Benzine. 

.Toluol  (straw  color). 

Turpentine   IS^'C. 

i>  ^,, ,, ;,, 

1  >  t'll  /  111  c  . 

Methyl  Alcohol. 

Ethyl  Alcohol. 

A  great  deal  could  be  said  about  these  solvents.  Each  one  in 
turn  may  be  the  best  for  certain  substances.  The  classification 
as  to  solvent  power  is  very  crude  but  may  be  of  use  at  times. 

Most  of  these  substances  are  extremely  infiammable  and  form 
explosive  mixtures  with  air.  There  arc  two  notable  exceptions, 
however — chloroform  and  carbon  tetrachloride — especially  the 
latter.     Tt  will  neither  burn  nor  support  combustion. 
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2.  Setting  by  Ilydration.  In  this  case  crystalline  substances 
form  en  masse,  by  the  taking  up  of  water.  It  is  desirable  to  have 
as  nearly  the  total  amount  of  water  required  as  possible  to  secure 
the  greatest  density  and  strength.  There  should  not  be  too  much 
inert  material  present  to  keep  the  particles  of  the  setting  sub- 
stance apart.  The  more  finely  divided  the  inert  material,  the 
less  can  be  used,  as  the  particles  of  cement  itself  must  coat  all 
the  particles  of  inert  material  or  be  between  tliem  to  effect  a  bond. 
If  the  particles  of  inert  material  are  of  the  same  degree  of  fine- 
ness only  an  equal  amount,  as  compared  with  cement,  can  be  used. 
When  properly  graded  as  to  fineness  from  fi^•e  to  eight  times  as 
much  by  volume  of  the  filler  may  be  used. 

The  time  for  setting  may  be  somewhat  reduced  by  using  warm 
water  and  very  little  if  any  excess  and  may  be  retarded  by  having 
an  excess  and  by  the  use  of  small  amounts  of  certain  chemicals, 
alkaline  suljstances,  for  instance,  delay  the  setting  of  Portland 
cement  and  plaster.  In  some  cases  the  entire  amount  of  water 
cannot  be  used  at  once  or  it  dries  out  somewhat,  so  that  subse- 
quent wetting  is  necessar}-. 

3.  Setting  by  Cooling.  In  this  class  are  considered  cements 
and  lutes  which  are  applied  in  the  melted  state,  such  as  resins, 
waxes,  bituminous  b<jdies,  solid  fats  and  sulphur.  The  great  ad- 
vantage of  using  materials  in  this  way  is  that  there  is  no  loss  in 
density  as  is  generally  the  case  where  the  setting  takes  place  by 
evaporation.  The  work  they  are  applied  to  should  be  hot.  how- 
ever, or  the  setting  is  interfered  av ith. 

If  the  pieces  of  apparatus  to  be  joined  are  small  it  is  usually 
well  to  lieat  them  well,  as  applying  the  cement  hot  is  not  enough 
to  insure  a  fused  union  of  cement  and  work. 

Inert  substances  are  almost  invariably  used  in  admixture  to 
m.ake  the  cement  harder,  stronger,  fill  voids  and  to  cheapen  it. 
Clay,  sand,  asbestos,  cement,  plaster,  whiting,  etc.,  are  used  in 
this  connection. 

Sometimes  there  is  a  subsequent  chemical  action,  as  when  acid 
resins  are  used  with  fillers  of  a  more  or  less  basic  character,  such 
as  metallic  oxides  or  carbonates. 

4.  Setting  by  Oxidation.  This  may  take  place  in  oil  used  or 
in  powdered  metal.  In  the  case  of  oil  there  is  an  effect  of  harden- 
ing and  consequent  setting.  With  metals  it  causes  an  expansion 
due  to  increase  of  volume.     The  commonh-  used  oils  acting  in 
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this  way  are  Chinese  wood  oil,  hnseed  oil,  rapeseed  oil  and  hsh 
oils.  In  the  case  of  Chinese  wood  oil,  the  oxidation  is  so  ener- 
getic that  it  is  generally  best  to  mix  it  with  some  other  oil.  Lin- 
seed oil  is  almost  always  previously  "boiled"  before  use  and  rape- 
seed  oil  "blown." 

With  regard  to  the  metal  powders,  iron  is  the  chief  one  used, 
although  precipitated  copper  has  been  used  and  other  metals 
might  be  for  special  purposes.  The  iron  used  is  invariably  the 
powder  resulting  from  the  crushing  and  sorting  of  cast  borings, 
filings  or  millings.  They  should  be  nearly  free  from  oil,  and 
the  cement  has  the  greatest  expansive  power  when  in  a  finel}' 
divided  condition. 

The  value  of  these  cements  depends  on  the  expansion  taking 
place  in  a  confined  space,  such  as  holes  or  cracks  in  castings. 
This  expansion  may  be  so  powerful  as  to  break  or  shatter  the 
object  upon  which  it  is  used.  In  such  sases  it  can  be  diluted  with 
clay  or  cement.  When  the  holes  in  a  casting  are  well  filled  with 
concentrated  iron  powder  moistened  with  water  containing  a 
very  little  salt  or  salammoniac  the  particles  adhere  so  firmly  anrl 
the  actual  oxidation  is  so  limited  in  actual  amount,  that  the  cast- 
ing can  be  finished  and  not  show  where  it  was  mended.  Fur- 
thernK^re.  the  cement  is  not  dislodged  by  any  ordinary  means. 

5.  Setting  by  J^ulcanication.  This  takes  place  where  fresh 
rubber  is  used  as  a  cement  in  conjunction  with  sulphur  or  certain 
compounds  of  the  same  and  heated  to  about  120°  C,  which  ren- 
ders the  rubber  insoluble,  firm  and  causes  it  to  lose  its  stickiness. 
Vegetable  drying  oils  may  be  used,  such  as  rapeseed  and  linseed 
oils,  with  sulphur  chloride,  dissolved  in  carbon  disulphide,  as  a 
vulcanizing  agent.  Hydrochloric  acid  gas  is  liberated  in  this 
reaction  and  so  zinc  oxide  or  a  similar  base  is  generally  used  to 
neutralize  the  acid.  In  the  vulcanization  of  rubber  itself,  such 
precaution  must  be  taken  when  sulphur  or  sulphur  chloride  is 
used. 

6.  Setting  by  Chemical  Action.  Under  this  classification  we 
have  several  of  the  most  useful  cements  known.  In  most  cases, 
however,  the  action  is  too  rapid,  so  that  setting  takes  place  before 
the  cement  is  in  position.  Dilution  of  the  active  ingredients  is 
the  general  remedy  for  this.  Inhere  are  also  specific  ones.  .As  ex- 
amples of  the  most  useful  cements,  the  oxy-chloridcs  may  be  men- 
tioned, wliich  remain  nicely  liquid  or  plastic  for  ample  time  to  use 
Vol.  CLXIV.     No.  983  24 
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and  then  set  up  very  strong  and  hard.  The  well-known  glycerine- 
litharge  cement  acts  nicely  in  this  respect.  Cements  formed 
from  silicate  of  soda  and  oxides  of  lime,  magnesia,  zinc,  etc.,  and 
those  formed  by  the  action  of  their  oxides  on  casein  and  albumen 
do  not  act  so  well.  They  are  liable  to  set  up  too  soon  and  be 
crumbly  when  set  up. 

7.  Setting  by  Combined  Action.  The  most  prominent  case  of 
this  kind  is  the  setting  of  glue.  In  the  first  place  when  used  it  is 
a  melted  mass  that  on  cooling  has  fair  strength  of  coherence  and 
adherence.  Then,  how^ever.  as  the  water  is  absorbed  by  the  w^ood 
or  other  material  being  cemented,  it  becomes  stronger  until  very 
great  strength  is  developed  when  free  of  water. 

Other  cases  are  when  a  solvent  or  heat  is  used  with  a  resin, 
boiled  oil,  etc.,  mixed  with  a  metallic  oxide  such  as  lime.  There 
is  then  the  combined  action  of  the  evaporation  and  the  formation 
of  new  compounds  or  so-called  metallic  soaps. 


INERT  SUBSTANCES. 

These  useful,  harmless  substances  do  not  make  a  cement,  Ijut 
so  many  formulas  differ  only  in  the  choice  of  them  that  it  might 
be  supposed  they  did.  Sometimes  a  little  work  is  required  of 
them,  as  when  there  is  a  little  water  to  be  taken  up.  Plaster  and 
Portland  cement  serve  this  purpose.  Zinc  oxide  and  otlier  basic 
substances,  while  mainly  serving  as  fillers,  absorb  acid  in  addition. 
In  most  cases,  however,  no  action  of  this  kind  is  required  and  it 
is  merely  a  matter  of  giving  body  or  other  physical  properties. 

A  classification  of  fillers  may  be  made  as  follows: 

Corrective.  Porous.  Strength.  Finely  Divided. 

Portland  cement.  Infusorial  earth.  Asbestos.  Cement. 

Plaster  of  Paris.  Magnesium  cari)onate.  Hair.  Clay. 

Plush  trimmings.  Plaster. 

Zinc  oxide.  Cloth.  Gj^psum. 

Lime.  Tow.  Whiting. 

Whting.  Oakum.  Silica. 

Magnesia.  Powdered  glass. 

"     fluorspar. 


COMPOSITION  OF  CEMENTS. 

Cements  that  have  come  into  use  to  any  extent  may  be  placed 
in  classes  according  to  their  composition  as  follows : 
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1.  a.  Rubber  solutions. 

b.  Gutta  percha  solution. 

c.  Pyroxylin  solution  (collodion.) 

d.  Gum  resin  solutions  (such  as  mastic  and  copal). 

2.  Silicate  of  soda  and  neutral  fillers. 

,?.     a.  Flour  pastes. 

b.  Starch  pastes. 

c.  Dextrin  pastes. 

d.  Gum  solutions  (such  as  arabic,  tragacanth). 

4.  a.  Plaster  of  Paris, 
b.  Portland  cement. 

5.  a.  Bitumens  (pitch,  tar.  asphalts,  etc.). 

b.  Resins  (resin  aiui  gum  resin  in  melted  state). 

c.  Sulphur. 

d.  Shellac. 

e.  Rubber  and  gutta  percha,  melted  or  thiiuud  with  i)\\. 

6.  Iron  powder  compositions. 

7.  Drying  oil  mixtures. 

8.  Oxy  chloride  cements. 

9.  Glycerin  and  >ugar  compounds  of  lead. 

10.  a.  Glue. 

b.  Casein. 

c.  Albumen. 

11.  Cements  made  from  metallic  oxides  and  strong  acids. 

12.  a.  Vitreous  and  vitrifying  mixtures, 
b.  Clay  and  asbestos,  etc.,  with  water. 

Class  I — a,  b  and  c  are  especially  waterproof,  tou^h  aiul  ten- 
acious, d  is  not  so  tenacious  but  answers  the  other  retjuire- 
ments,  adheres  better  to  smooth  surfaces,  has  greater  hardness 
when  set,  and  is  transparent  in  thin  layers  in  which  it  is  freqtient- 
ly  used  for  optical  purposes,  a,  b  and  c  are  generally  made  u\i 
with  fillers  to  prevent  the  formation  of  voids  on  the  evaporation 
of  the  solvent. 

Class  2.  Not  waterproof,  but  form  very  dense,  hard  and 
strong  lutes.  Especially  good  for  hot  gases,  in  which  case  the 
water  of  the  silicate  can  go  off.  They  are  useful  for  organic  sol- 
vents and  stick  onlv  too    well    to    glass.     Suitable    fillers    are 
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barytes,  whiting,  silica,  powdered  glass  and  powdered  fluorspar. 
The  three  latter  probably  slowly  react  with  the  silicate  with  bene- 
ficial results. 

Class  3.     Are  used  for  fastening  paper  and  cloth. 

Class  4.  This  is  a  most  important  class,  a  is  generally  used 
without  filler,  although  frequently  mixed  with  alum,  etc.,  for  pur- 
poses of  increasing  the  density.  It  is  used  for  filling  hollow 
articles,  moulds,  etc.  b  is  the  most  used  of  all  cements.  It  is 
made  into  concrete  for  building  purposes,  etc.  For  use  in  small 
amounts  it  is  not  successful  as  the  water  dries  before  it  can  set. 

The  making  of  cement  concrete  waterproof  is  an  art  not  un- 
derstood by  all.  The  main  points  to  be  considered  are  to  have 
the  voids  as  few  as  possible  and  the  dense  coating  on  the  side  the 
water  would  enter.  Neat  cement  is  probably  most  used  for  this 
denser  coating.  It  should  be  used  as  strong  as  it  will  flow  well 
into  crevices  and  hot  if  possible.  The  condition  of  the  work  and 
the  kind  of  cement  are  important.  It  is  waterproofed  best  when 
fresh,  and  if  washes  such  as  silicate  of  soda,  skimmed  milk  and 
casein  solution  are  used  an  over-limed  cement  is  desirable. 
Magnesia  cement  has  been  recommended  for  this  purpose,  but  the 
chloride  is  liable  to  soak  in  and  not  combine  properly  wirh  the 
oxide. 

Class  5.  This  is  a  very  important  class,  if  the  number  of 
formulas  are  a  criterion.  The  materials  must  be  applied  in 
melted  condition.  The  marine  glues  are  made  from  materials  of 
this  class.  Sulphur  is  much  used  by  itself  and  sealing  wax  is  also 
of  this  class. 

Class  6.     The  use  of  this  material  has  been  referred  to  above. 

Class  7.  Putty  and  red  lead  compositions  are  among  the  best 
known  cements.  Boiled  linseed  oil  is  invariably  used  and  if 
rosin  is  dissolved  in  it  and  metallic  oxides  mixed  therewith  a 
much  thicker  composition  is  obtained  thereby  than  otherwise. 
When  very  much  oxidized  by  exposure  to  heated  air  in  their 
films  and  mixed  with  powdered  cork.  etc..  linoleum  can  be  pro- 
duced. 

Class  8.  Oxy-chloride  of  zinc  has  been  used  for  dental  pur- 
poses and  forms  a  very  dense,  strong,  stone-like  cement.  Oxy- 
chloride  of  magnesium  is,  however,  more  used,  as  the  ingredients 
are  cheaper.     It  is  used  for  uniting  particles  of  stone  either  for 


Nov.,  1907]         Classification  and  Uses  of  Cement.  365 

refacing  the  same  or  make  an  artificial  stone,  for  making  com- 
positions with  saw  dust  for  a  kind  of  floor  tiHng. 

Class  9.  This  class  is  a  valuable  one,  embracing  the  well 
known  glycerine  and  litharge  cement,  much  used  for  joining  glass 
to  metals,  etc.  It  is  waterproof,  acidproof,  gasproof  and  not 
attacked  by  organic  solvents. 

Class  10.  Casein  and  albumen  form  very  strong  compositions 
with  lime,  zinc  oxide,  etc.  They  set  up  very  quickly,  so  must  be 
used  at  once.  They  are  more  in  the  nature  of  lutes  than  cements 
properly  considered. 

Class  II.  The  combination  of  zinc  and  other  oxides  and 
phosphoric  acid  stands  for  this  class.  It  is  much  used  by  dentists 
and  forms  a  hard,  dense,  waterproof  substance. 

Class  12.  This  class  includes  glass  powders  or  glass  forming 
mixtures  that  bind  surfaces  at  high  temp'eratures. 

With  a  view  of  choosing  a  cement  only  the  most  general  state- 
ments can  be  made  here.  In  two  previous  papers*  details  of 
formulas  have  been  given  by  the  writer. 

The  following  suggestions  may  be  of  use  however,  the  num- 
Ijers  referring  to  the  classification  on  page : 

Hot  surfaces.  2,  4a,  9,  10  and  12. 

Elastic,  la,  ib. 

Water  and  steam,  5a,  5b,  5e,  6,  7  and  9. 

Strength,  2,  4b,  8,  9,  loa  and  12. 

Expanding,  4b  and  6. 

Quick  setting, 

Acidproof,  la,  lb,  ic,  2,  5a,  5b,  5c,  5e,  9. 

High  temperature  (moderate),  4b,  6. 

High  temperature  (excessive),  12a,  12b. 

COST  OF  MATERIALS. 

The  writer  has  known  of  many  instances  of  people  being  dis- 
appointed at  preliminary  inquiries  into  the  cost  of  materials  used 
for  experimentation.  In  some  cases  probably  abandoning  a  line 
of  work,  as  they  thought  that  it  would  not  be  economically  pos- 
sible on  a  large  scale. 


♦Joiir.  Franklin  Inst.,  May,  1904. 

♦Trans.  Eng.  Club  of  Thila.,  2/  (1904).  3^5- 
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The  druggist  or  other  retailer  must  frequently  put  up  the  few 
ounces  of  chemicals  asked  for  in  bottles  or  cartons  at  the  price 
per  ounce  the  goods  sell  for  per  pound  in  large  lots. 
■  For  the  benefit  of  those  however  who  do  not  follow  the  market 
quotations  a  brief  table  of  the  costs  of  the  most  used  materials  is 
here  given.  These  figures  are  mostly  fluctuating  but  close 
enough  to  be  a  general  guide.  They  are  figures  for  ton  or 
drum  lots : 


cts.  per  lb.    per  gal. 


Material. 

Acetic   acid 12 

Acetone  19 

Alcohol,    denatured 
Alcoholj    wood. . . . 

Albumen,    blood...  30 

Albumen,     egg 75 

Alum    2 

Alum    (cone.) 2 

Ammonia    (aqua)..  6 

Asbestos    5 

Asphaltum    (ref.)...  4 

Barytes    (floated).,  i 

Bayberry    wax 28 

Beeswax     40 

Benzine    

Benzol    (straw) 

Borax     , 9 

Carbon    disulphide.  7 

Carb.    tetrachloride  12 

Casein    9 

Chinese  wood  oil..  8 

Chloroform    35 

Clay  (finer  grades).  %-i 

Copal    (sorts) 60 

Dextrin    (corn)....  3 

Formaldehyde     ....  9% 

Gum    arable 10-35 

Gum    mastic 50 

Gum    tragacanth.. .  45-70 

hide 12 

bone 9 


40 
40 


18 
25 


Glue, 
Glue, 


Material,    cts.  per  lb.    per  gal. 

Glycerin    14 

Gutta  percha 2.50 

Iron    oxide 3% 

Iron   powder 5 

Japan    wax 14 

Lamp    black 6-35 

Lime     \ 

Litharge    8 

Linseed    oil 45 

Magnesite    (calc.)..     2 
iMagnesium  chl'ide.     iV^ 
Nitro   cellulose....   50-1.00 

Pitch    3.5operbbl 

Plaster  of  Paris 1.50  "    " 

Rape  seed  oil 75 

Red    lead 8 

Rosin     2 

Rubber   1.50 

Shellac    45-65 

Soda-silicate    % 

Soda,    caustic 2 

Sulphur     3 

Sulphuric    acid 1% 

Stearic    acid 14 

Stearine    7 

Tannic  acid   40 

Turpentine    61 

Whiting    2 

Zinc    chloride 5 

Zinc   oxide 6 


DETAILS  OF  USE. 


It  is  a  matter  of  importance  that  a  cement  be  used  under  favor- 
able conditions.  It  might  seem  superfluous  to  say  that  the 
"work"  should  be  clean,  but  in  large  factories  there  is  frequent- 
ly a  great  deal  of  dust,  moisture,  grease,  etc.,  that  deposits  on 
pipes  and  other  places  where  joints  are  to  be  sealed. 

Air  films  should  be  displaced  by  heating  the  "work."  This  pre- 
vents a  chilling  of  the  cement,  which  might  fail  to  adhere  if  not 
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fused  into  the  surfaces  where  applied.  Some  writers  have  in- 
sisted upon  this  heating  as  a  sine  qua  non  of  success.  But  it  is 
manifestly  impossible  in  some  ca.ses.  An  alternative  to  this  is  to 
paint  the  surfaces  to  be  joined  with  a  solution  of  the  chief  con- 
stituent of  the  cement.  A  benz(jl  solution,  for  instance,  of  pitch, 
oil,  rosin,  etc.,  can  be  used.  If  silicate  of  soda,  glycerine  or  mag- 
nesium chloride  are  the  lifjuid  elements,  water  can  be  used  as  sol- 
vent for  this  painting. 

Surfaces  should  fit  as  closely  as  possible  before  the  cement  is 
used.     Use  as  little  cement  as  possible. 

Preservatives  such  as  sodium  salicylate,  benzote  or  an  essen- 
tial oil  may  be  used  in  small  amounts  for  pastes  and  mucilages 
that  would  spoil  otherwise  on  exposure.  It  is  a  good  plan  to 
have  some  cements  or  lutes  most  used  for  any  particular  line  of 
work  made  up  ready  to  be  mixed  or  applied. 

Laboratory  of  Samuel  P.  Sadtler  &  Son^ 

Philadelphia^  Pa.,  October  i,  1907. 


CANADIAN  BOUNTY  FOR  ELECTRIC  SMELTING. 
Toronto,  April  6,  1907. — A  resolution  was  introduced  into  the  House 
of  Commons  by  the  Finance  Minister  on  Thursday  declaring  it  expedient 
to  provide  for  the  payanent  of  bounties  on  pig  iron  and  steel  manufactured 
by  electrical  processes.  The  adoption  of  the  resolution  is,  of  course,  not 
the  same  thing  as  the  passage  of  an  act  on  its  third  reading,  but  it  is  a 
practical  certainty  that  the  measure  into  which  the  resolution  is  to  be 
turned  will  become  law.  Last  week  the  opinion  was  hazarded  in  this  cor- 
respondence that  no  special  bounty  for  electrically-produced  pig  iron  or 
steel  would  be  proposed  by  the  Minister,  and  the  bounties  provided  for  in 
this  resolution  cannot  well  be  described  as  special.  They  are  simply  an 
application  and  a  time  extension  of  the  bounties  now  paid  upon  pig  iron 
and  steel  produced  by  established  methods.  The  terms  of  the  resolution 
are  as  follows: 

That  it  is  expedient  to  provide  that  the  Governor-in-Council  may  au- 
thorize the  payment  out  of  the  consilidated  revenue  fund  of  the  following 
bounties  on  pig  iron  and  steel  ingots  manufactured  in  Canada  for  con- 
sumption therein,  when  such  pig  ircm  and  steel  is  the  product  of  Canadian 
iron  ores  smelted  in  Canada  by  electricity,  viz.:  on  pig  iron  manufactured 
from  Canadian  ore  by  the  proccs  of  electricity  smelting  during  the  calendar 
years:  1909,  $2.10  per  ton;  1910,  $2.10  per  ton;  1911,  $1.70  per  ton;  and  1912, 
90  cents  per  ton.  On  steel  ingots  manufactured  by  electric  process  direct 
from  Canadian  ore,  and  on  steel  ingots  manufactured  by  electric  process 
from  pig  iron  smelted  in  Canada  by  electricity  from  Canadian  ore  during 
the  calendar  years:  1909,  $1.65  per  ton;  1910,  $1.65  per  ton;  1911,  $1.05  per 
ton;  and  1912,  60  cents  per  ton. 
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It  is  apparently  the  intention  of  the  Finance  Minister  to  give  the  manu- 
facturers by  electrical  processes  a  clear  four-year  period  of  bounty  assist- 
ance of  exactly  the  same  kind  as  that  now  remaining  for  the  blast  furnace 
and  steel  works  owners.  For  pig  iron  manufactured  by  the  regular  method 
from  Canadian  ore  to  bounties,  it  will  be  remembered,  are  as  follows:,  in 
1907,  $2.10  per  ton;  1908,  $2.10;  1909,  $1.70;  1910,  90  cents. 

For  steel  ingots  of  which  not  less  than  50  per  cent,  of  the  weight  is  de- 
rived from  pig  iron  made  in  Canada,  the  bounties  are  as  follows:  In  1907. 
$1.65  per  ton;  1908,  $1.65;  1909,  $1.05;  1910,  60  cents. 

It  will  be  seen  that  the  new  bounties  on  electrically-produced  iron  and 
steel  are  to  be  at  the  same  rate  as  those  provided  for  iron  and  steel  other- 
wise produced,  the  difference  being  that  the  four-year  period  for  the  elec- 
tric products  does  not  begin  until  1909,  whereas  that  for  iron  and  steel 
produced  by  the  ordinary  methods  began  on  January  i  last.  It  is  probably 
assumed  by  the  Government  that  the  intervening  period  of  twenty  months 
is  not  too  long  to  allow  for  the  establishing  of  electrical  smelters  and  con- 
verters. But  should  any  begin-  operations  within  that  time  their  output 
would  be  entitled  to  the  current  bounties  of  $2.10  and  $1.65.  respectively, 
on  pig  iron  and  steel  ingots,  however  produced. 

Besides  the  results  of  experiments  carried  on  with  the  aid  and  under  the 
supervision  of  the  Government  at  Sault  Ste.  Marie,  laboratory  work  else- 
where appears  to  have  successfully  demonstrated  the  feasibility  of  treating 
some  of  the  most  unpromising  of  Canadian  iron  ores  by  electrical  pro- 
cesses. It  is  stated  that  while  the  tests  at  Sault  Ste.  Marie  were  in 
progress  private  parties  were  proving  the  practicability  of  the  electrical 
smelting  of  titaniferous  ores  in  Quebec.  These  parties  are  reported  to  be 
in  touch  with  New  York  and  London  capitalists. 

R.  Turnbull,  a  Scottish  engineer,  who  was  associated  with  the  experi- 
ments at  Sault  Ste.  Marie,  proposes  to  erect  a  plant  at  Welland,  in  this 
Province.  He  undertakes,  if  adequate  bounties  are  granted,  to  have  his 
plant  in  operation  a  year  from  next  July.  N.  Thompson,  who  went  from 
Canada  to  England  last  year,  succeeded  in  interesting  capital  to  establish 
an  electric  smelting  plant  at  Bow,  near  London.  He  is  now  back  in 
Canada  and  proposes,  if  sufficient  Government  aid  is  given,  to  form  a  co.m- 
pany  for  the  electric  smelting  of  iron  ores  in  British  Columbia. — Iron  Age. 


LIGNITES  IN  IDAHO. 
Lignites  occur  at  a  number  of  places  in  Idaho,  but  only  within  the  last 
two  or  three  years  have  any  of  these  beds  been  extensively  mined.  Mining 
has  been  done  in  the  Horseshoe  Bend  and  Jerusalem  districts,  occupying 
the  lower  portion  of  a  ridge  between  the  Boise  and  Payette  Rivers;  in  a 
district  near  Salmon  City,  in  Lincoln  County;  and  in  one  at  the  eastern  edge 
of  the  State,  in  Bingham  and  Fremont  Counties,  where  the  Sublette  fields  of 
Wyoming  extends  across  the  State  line.  According  to  E.  W.  Parker,  of 
the  United  States  Geological  Survey,  the  principal  production  in  1905  and 
1906  was  from  the  Salmon  district,  in  Lemhi  County,  4380  short  tons  having 
been  mined  there  in  1905,  and  4395  short  tons  in  1906.  The  total  production 
for  the  State  in  1906  amounted  to  5365  short  tons,  having  a  spot  value  of 
$16,538. 
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The  Jerseyite. 

By  Dr.   E.  Goldsmith, 
Member  of  the  Institute. 


On  the  30th  of  April,  1906,  a  fisherman  of  New  Jersey  saw  a 
meteoric  fire  ball  pass  overhead  with  a  hissing  noise  and, 
travelling  up  the  Lower  Delaware  Bay,  fall  on  the  Xew  Jersey 
shore. 

He  went  to  the  point  where  he  believed  he  saw  it  fall  and  found 
it  at  low  water,  about  twelve  miles  north  of  Cape  May  Light. 

He  brought  two  pieces  of  it  to  the  Academy  of  Natural 
.Sciences  of  Philadelphia,  where  he  wanted  to  learn  of  what  the 
matter  was  composed.  There,  to  his  astonishment,  he  was  told 
that  the  material  was  not  of  meteoric  origin,  because  it  has  no 
external  pitting  and,  as  they  believed,  it  had  the  appearance  of  a 
mill-cinder. 

So  the  mineral  was  labelled  and  put  into  the  collection.  1  con- 
fess that  when  the  specimen  was  shown  to  me  several  months 
later  it  gave  me  tlie  impression  that  it  might  be  furnace  slag. 
However,  knowing  from  many  years  of  experience  that  matter 
cannot  be  determined  by  mere  inspection,  I  made  up  my  mind  to 
ascertain  the  true  nature  oi  the  mineral  by  tlie  crucial  tests  of 
physics  and  chemistry. 

Prof.  Pillsbury,  to  whom  my  thanks  are  clue,  kindly  handed  to 
me  a  part  of  the  sample  brought  by  the  finder  (whose  name  I 
think  is  North.)  On  observation  it  was  found  that  the  sides  were 
furrowed  by  longitudinal  crystalline  impressions,  indicating  that 
it  must  have  been  heated  and  partially  melted.  At  one  end  a 
mass  of  the  same  material  apparently  and  of  the  same  structure 
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is  attached  to  the  specimen  at  right  angles,  giving  it  the  appear- 
ance of  an  artificial  make-up. 

The  substance  is  brittle,  and  with  the  aid  of  a  chisel  and  ham- 
mer a  piece  was  broken  ofit:,  ground  plane  on  one  side  on  an  emery 
wheel  in  a  machine  shop  and  polished  on  plate  glass  with  rouge 
and  water  until  light  was  reflected;  then,  after  washing,  etched 
in  diluted  nitric  acid. 

The  result  of  this  treatment  was  the  appearance  of  the  Witt- 
maustedten  figures;  and,  on  more  minute  observation,  it  became 
evident  that  the  whole  mass  was  crystallized. 

Now  this  structure,  viz: — the  Wittmaustedten  figures,  has- 
never  been  observed  in  a  mill-cinder  or  in  furnace-slag  from 
either  a  blast  or  open  hearth  furnace,  nor  in  any  manufactured 
iron  or  steel,  nor  any  alloy  whatsoever,  for  I  have  had  the  oppor- 
tunity of  observing  many  hundreds  of  specimens  of  all  sorts  of 
metals  and  their  alloys  under  the  same  condition  of  polished  an-.l 
etched  surfaces  and  never  detected  the  presence  of  any  crystalliza- 
tion which  could  be  compared  with  the  Wittmaustedten  figures^ 
Therefore,  when  these  figures  appear  under  the  conditions  as 
stated,  they  are  an  absolute  proof  that  we  are  dealing  with  matter 
derived  from  space,  i.  e.  extra-terrestrial. 

This  test  has  been  known  for  nearly  a  hundred  years,  and  has 
been  overwhelmingly  proved  to  be  correct.  There  are  few  ob- 
jectors to  this  rational  test. 

For  my  part,  I  feel  confident  in  stating  that  the  Wittmausted- 
ten figures  occur  only  in  matter  derived  from  interstellar  space. 

The  hardness  of  this  meteoric  stone  is  about  the  same  as  that 
of  microcline,  that  is  =  6.  The  specific  gravity  was  found  to 
be  =3.636.  The  color  of  this  crystalHne  mass  is  nearly  black. 
The  polished  surface  of  the  specimen  reflected  diffused  light  gray- 
ish white ;  sunlight  as  well  as  the  white  light  from  the  Welsbach 
mantel  burner  gave  the  same  peculiar  gray  reflection.  That  a 
modification  of  the  rays  of  white  light  had  been  effected  by  the 
black  shining  surface  was  evident;  but,  what  was  the  cause  of 
this  difference?  Evidently  some  of  the  spectral  rays  must  either 
have  been  absorbed  or  had  never  entered  the  material ;  in  either 
case  the  reflected  rays  differ !  In  order  to  ascertain  this  point,  I 
had  recourse  to  the  spectroscope.  It  is  evident  that  if  all  the  rays 
of  sunlight  had  entered  the  material  they  would  be  reflected.  Let 
us  see  what  the  spectroscope  answered. 
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When  the  light  is  reflected  frfjm  the  pohshed  specimen  into  the 
narrow  sh't  of  the  colhmator,  then  passed  through  a  diffraction 
grating  and  observed  with  the  telescope  in  focus  and  strictly 
optical  line,  the  centre  of  the  phenomenon  has  the  same  appear- 
ance, that  is  to  say,  grayish-white  rays  are  visible ;  but,  when  we 
search  on  the  left  and  right  from  the  centre,  only  a  partial  spec- 
trum, the  green  and  some  blue  rays  become  visible.  The  green 
ray  was  measurable;  the  blue  not.  From  the' centre  to  the  green 
ray  the  arc  was  =3"2'  approximately,  hence  the  wavelength 
?.  =  529  X  lo"^.  Comparing  this  result  with  the  published 
Angstrrjem's  Charts,  we  find  that  the  ray  measured  is  in  the 
neighborhood  of  the  Frauenhofer  line  E. 

If  the  slit  of  the  collimator  is  further  opened,  then  yellow, 
orange  and  red  rays  enter  the  field.  But  what  became  of  the 
indigo  and  violet  rays?  They  are  simply  absent;  they  never  en- 
tered the  material  and  could  therefore  not  be  reflected.  We  have 
the  answer  now  why  the  reflected  rays  from  the  black  polished 
surface  were  grayish.  True,  white  light  must  have  all  the  seven 
rays  of  the  spectrum,  otherwise  it  is  not  complete.  When  only  a 
part  of  the  white  light  enters  a  substance,  how  can  we  expect  that 
the  whole  of  the  white  light  should  be  reflected? — it  would  not 
be  in  accordance  with  the  laws  of  the  conservation  of  energy. 

We  may  imagine  that  the  intensity  of  the  light  employed  has 
something  to  do  with  the  above  result.  When  1  reflected  an  elec- 
tric arc  light  from  the  polished  surface  of  the  Jerseyite  and  ob- 
served the  same  with  a  transparent  replica  of  a  diffraction  grat- 
ing held  before  the  eyes,  I  saw  the  two  carbon  points  and  the 
nearest  ray  to  them  was  blue,  then  green,  yellow,  orange  and  red; 
but  the  indigo  and  violet  rays  were  absent,  showing  that  even  the 
intense  electric  arc  had  no  better  effect  than  the  white  glow  of  the 
Welsbach  gas  burner.  W^hen  the  reflected  gray  ray  issuing  from 
the  sarrie  black  surface  is  allowed  to  pass  through  a  Nicol  prism, 
we  see  that  the  ray  is  partially  polarized ;  we  have,  therefore, 
elliptic  polarization  by  this  substance. 

The  material  in  question  is  but  slightly  magnetic.  Although 
the  sul)stance  is  very  brittle,  I  succeeded  in  preparing  a  thin  sec- 
tion for  the  microscopic  examination.  Under  the  microscope  I 
was  rather  surprised  to  discover  two  distinct  forms  of  the  matter; 
the  one  in  well  defined  crystals  and  transparent,  while  the  other 
was  opaque  and  amorphous. 
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The  etching  process  by  diluted  acid  is  now  understood,  for  not 
only  diluted  nitric  but  also  hydrochloric  acid  will  penetrate  it, 
whether  polished  or  not,  attacking  the  fine  amorphous  powder 
only  and  not  touching  nor  affecting  the  crystal  in  mass.  The 
form  of  the  crystals  is  fairly  well  outlined ;  they  seem  to  belong 
to  the  Orthorhombic  system.  The  planes  [no],  [ooi],  [oio], 
[in]  were  recognized.  The  crystals  form  chain-like  rows  in  such 
a  manner  that  apparently  each  individual  is  separated  from  its 
neighbor  by  a  black  line  of  the  amorphous  non-transparent  fine 
powder. 

In  polarized  light  these  prismatic  forms  readily  transmit  the 
rays  when  inclined  to  the  longer  axis,  and  extinguish  completely 
all  light  when  brought  parallel  to  the  plane  of  polarization. 

Mr.  Arthur  T.  Collins  volatilized  fragments  of  the  Jerseyite  in 
the  electric  arc  and  projected  the  incandescent  vapor  on  the  colli- 
mator slit  by  means  of  lens  in  the  hope  of  seeing  whether  the 
coronium  line  would  appear  in  the  field  of  vision.  He  reported 
to  me  that  the  result  was  negative.  But,  as  is  usually  the  case 
under  these  conditions,  elements  are  detected  which  the  chemical 
analyst  cannot  separate.  The  incontestable  proof  was  given  that 
barium,  calcium  and  lithium  were  present.  These  elements, 
easily  detected  by  the  spectroscopist,  could  not  be  found  by  the 
analyst  on  account  of  the  small  quantity  contained  in  the  mass. 

In  this  connection  a  singular  phenomenon  was  observed  not 
commonly  met  with : — When  the  arc  between  the  carbon  rods — 
the  lower  one  supporting  the  fragment  of  the  Jerseyite — began  to 
glow,  a  thick  volume  of  mineral  vapor  appeared ;  viewed  now  in 
the  spectroscope  the  two  sodium  lines  stood  out  sharply  and  each 
of  them  partially  absorbed,  i.  e.  the  black  Frauenhofer  D-line 
coincided  upon  the  yellow  Na-line,  a  fact  which  Mr.  Collins  ob- 
served first  and  to  which  he  directed  my  attention. 

This  singular  double  prenomenon  seems  to  be  due  to  the  fact 
that  the  thick  vapor  sphere  farthest  away  from  the  white  hot  car- 
bons cools  somewhat  and  partly  absorbs  the  incandescent  yellow 
Na-vapor.  Inhere  is  nothing  new  in  this  view,  because  it  is  essen- 
tially the  Bunsen  effect;  but  to  find  the  reversion  of  the  sodium 
line  under  these  conditions  seems  worth  recording. 

The  blowpipe  test  gave  me  the  following  indications :  Silica, 
Titanic  Acid,  Iron.  Copper  and  Tin. 
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THE   CHEMICAL   COMPOSITION. 

The  chemical  analysis  was  performed  by  my  esteemed  friend 
Air.  W.  J.  Williams,  a  work  which  required  considerable  time  and 
circumspection  and  to  whom  my  thanks  are  due. 

His  results  here  follows: — 

Silica,  SiO;    42.8oper cent. 

Titanic  acid,  Ti02    1 .90       " 

Tin  oxide,  Sn02   0.49        " 

Bismuth  oxide.       BizOs    0.22        " 

Copper  oxide,         CuO    0.26       " 

Nickel  oxide,  NiO    2.00 

Iron  Fe    4436 

Aluminum  oxide,  Al-Oa 4.18 

Calcium  oxide,       CaO    Trace(doubtiul) 

Potassium  oxide,   K^O     o.92pcrcent. 

Sodium  oxide,        Na^O    0.80 

(by  (liffercncf) 

Carbon,  C    i.84percent. 

Sulphur,  S    0.34 

Phosphorus.  P     0.12       " 

100.23        " 
Deduct  0=P+S   23 

100.00       " 

We  see  that  in  the  Bausch  analysis  the  essential  elements  had 
been  recognized  by  the  blowpipe  tests. 

The  carbon  is  probably  contained  in  the  black  amorphous  pow- 
der surrounding-  the  crystalline  forms,  which  make  up  the  prin- 
cipal part  of  this  meteoric  stone. 


THE  PRODUCTION  OF  ASBESTOS  IN   1906. 

Commercial  asbestos  includes  two  distinct  types  01  fibr<)u>  minerals. 
The  term  asbestos  was  originally  applied  to  actinolitc  ur  trcmolitc,  but  the 
more  imi)ortant  asbestiform  mineral  is  the  fibrous  variety  of  serpentine 
known  as  chrysotilc.  lliis  variety  is  always  associated  with  serpentine 
which  is  derived  from  the  alteration  of  eruptive  rocks.  It  has  been  re- 
ported as  occurring  in  commercial  quantities  in  Massachusetts.  Vermont, 
North  Carolina,  Wyoming,  Arizona,  Washington,  Oregon,  and  California. 

The  eastern  townships  of  the  province  of  Quebec  furnish  the  greater 
part  (85  per  cent.)  of  the  world's  production  of  asbestos.  In  1906  Canada 
exported  59,864  tons  of  asbestos,  valued  at  $1,629,257,  most  of  which  came 
to  the  United  States.  Improved  methods  of  mining  are  being  introduced 
in  Canada  and  the  output  there  is  increasing. 

Both  forms  of  asbestos  are  applied  to  many  uses,  depending  in  part  upon 
the  fibrous  character  of  the  material,  but  also  upon  its  non-conductivity  of 


374  Notes  and  Comments.  U-  F.  I., 

heat  and  electricity.  The  best  grade  of  chrysotile  fibre  is  spun  into  thread, 
yarn,  and  rope,  and  woven  into  cloth.  The  yarn  is  largely  used  for  pack- 
ings and  the  cloth  for  theatre  curtains,  while  fabrics  containing  asbestos 
woven  with  other  fibers  are  made  into  various  household  articles  in  which 
heat  insulation  rather  than  fire-proof  character  is  required. 

Asbestos  is  extensively  used  for  plastering  and  for  making  lumber  that 
is  employed  in  buildings  where  insulation  against  fire  and  electricity  are 
desired.  Its  use  in  fire-proof  structures,  and  especially  to  envelop  electrical 
conductors,  is  constantly  increasing.  • 

The  production  of  asbestos  in  the*  United  States  in  1906  was  1695  tons, 
valued  at  $28,565,  as  against  3109  tons,  valued  at  $42,975,  in  1905.  The  im- 
ports in  1906  were  valued  at  $1,076,170. 

The  output  of  all  existing  asbestos  mines  is  insufficient  to  supply  the  de- 
mand for  this  product,  and  the  leading  manufacturing  firms  interested  in 
the  industry  are  diligently  searching  for  new  deposits. 

An  advance  chapter  from  "Mineral  Resources  of  the  United  States,  Cal- 
endar Year  1906,"  on  the  production  of  asbestos  in  1906,  by  J.  S.  Diller,  is 
now  ready  for  free  distribution. 


PRODUCTION  OF  MONAZITE  AND  ZIRCON  IN  1906. 

Monazite  is  of  commercial  interest  as  a  source  of  the  rare  metal  tho- 
rium, which  is  used  in  the  manufacture  of  Welsbach  and  other  incandescent 
mantles  for  gas  lights.  Deposits  of  this  mineral  have  fceen  found  in  North 
Carolina,  South  Carolina  and  Georgia,  and  in  several  States  of  the  Far 
West.  It  is  mined  in  North  and  South  Carolina,  the  production  in  1906 
having  been  847,275  pounds-  valued  at  $152,560,  as  against  1,352,418  pounds, 
valued  at  $163,908  in  1905,  the  figures  for  both  years  including  a  small 
quantity  of  zircon. 

The  area  in  which  minable  deposits  of  monazite  have  been  found  is 
growing  yearly,  especially  southwestward,  in  which  direction  it  now  reaches 
to  the  Georgia  line. 

Zircon  has  been  obtained  in  quantity  as  a  by-product  from  monazite 
concentrates.  An  experimental  concentrating  plant  of  the  United  States 
Geological  Survey  at  Chapel  Hill,  N.  C,  is  now  miaking  tests  as  to  the  best 
method  of  separating  zircon  and  other  products  of  commercial  value  from 
monazite  concentrates.  The  output  of  zircon  in  1906  all  came  from  Hender- 
son County,  N.  C. 

An  advance  chapter  of  "Alineral  Resources  of  the  United  States,  Calen- 
dar Year  1906,"  by  D.  B.  Sterrett,  on  the  production  of  monazite  and 
zircon  during  that  year,  is  now  ready  for  distribution. 


The  British  consul  at  Goa  reports  that  six  concerns  have  commenced 
mining  operations  on  the  manganese  deposits  of  Portuguese  India. 
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Mining  and  Metallurgical  Section. 
(Stated  Meeting  held  Thursday,  October  3,  1907.) 


Deflocculated  Graphite. 

By  E  G,  Acheson, 
Member  of  the   Institute. 


[n  the  year  1901  I  was  engaged  in  a  series  of  experiments  hav- 
ing as  their  object  the  production  of  crucibles  from  artificial 
graphite.  In  this  work  I  was  led  into  a  study  of  clays.  What  I 
learned  may  be  briefly  stated  as  follows : 

1st. — The  American  manufacturers  of  graphite  crucibles  im- 
ported from  Germany  the  clay  used  by  them  as  a  binder  of  the 
graphite  entering  into  the  crucibles. 

jnd. — The  German  clays  are  much  more  plastic  and  have  a 
greater  tensile  strength  than  American  clays  of  very  similar 
chemical  composition. 

3rd. — Residual  clays — those  found  at  or  near  the  point  at 
which  the  parent  feldspathic  rock  was  decomposed — are  not  in 
any  sense  as  plastic  or  strong  as  the  same  clays  are  when  found  as 
sedimentary  clays  at  a  distance  from  their  place  of  origin. 

4th. — Chemical  analysis  failed  to  account  for  those  decided 
(hfferences. 

[  reasoned  that  the  greater  plasticity  and  tensile  strength  were 
developed  during  the  period  of  transportation  from  the  i)lace  of 
their  f(^rmation  to  their  final  bed,  and  I  thought  it  might  be  due 
to  the  presence  of  extracts  from  vegetatit>n.  the  washings  from 
the  forests  being  in  the  waters  which  carried  them. 

I  made  several  experiments  on  clay  with  extracts  of  plants,  tannin 
bcnig  one  of  them,  and  I  found  a  moderately  plastic,  weak  clay, 
when  treated  with  a  dilute  sohition  of  gallotannic  acid  (M*  extract 
of  straw,  was  increased  in  plasticity,  made  stronger, — in  some 
cases  as  much  as  three  luuKhed  per  cent., — required  but  sixty  per 
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cent,  as  much  water  to  produce  a  gi\en  degree  of  fluidity,  was 
caused  to  reniain  suspended  in  water  and  made  so  fine  that  it 
would  pass  through  a  filter  paper.  Being  acquainted  with  the 
record  of  how  the  Egyptians  had  the  Children  of  Israel  use  straw 
in  the  making  of  bricks,  and  how  they  substituted  stubble  for 
straw,  and  believing  it  was  not  used  for  any  benefits  derivable 
from  the  fibres  but  for  the  extract,  I  callec^  the  clay  so  treated 
"Egyptianized  Clay." 

Having  in  1906  discovered  a  process  of  producing  a  fine,  pure, 
unctuous  graphite,  I  undertook  to  work  out  the  details  of  its  ap- 
plication as  a  lubricant.  In  the  dry  form,  or  mixed  with  grease, 
it  was  easy  to  handle,  but  I  wished  it  to  enter  the  en<"ire  field  of 
lubrication  as  occupied  by  oil.  In  my  first  efforts  to  suspend  it 
in  oil,  I  met  the  same  troubles  encountered  -by  my  predecessors 
in  this  line  01  work, — it  would  quickly  settle  out  of  the  oil.  It 
obeyed  the  same  laws  co\ering  the  natural  product. 

So  tilings  stood  until  the  latter  part  of  1906  when  th.e  thought 
occurred  t' ■  me  that  tannin  might  have  the  same  effect  on  graphite 
that  it  did  on  clay.  I  tried  it  with  satisfactory  results,  the  effect 
being  obtainable  with  the  natural  graphites  as  found  in  the  Ti- 
conderoga  and  Ceylon  varieties,  and  with  the  artificial  product 
as  found  in  Acheson-Graphite.  It  was  more  easily  and  cheaph 
produced  when  the  soft,  unctuous  variety  of  my  graphite  was 
used,  this  kind  being  composed  of  pseudomorphs  of  carbide  crys- 
tals, Avhich  had  been  decomposed  in  the  electric  furnace,  the  re- 
sultant graphite  being  Aery  loose,  porous  and  readily  disin- 
tegrated and  deflocculated.  The  effect  was  produced  by  treating 
the  graphite  in  the  disintegrated  form  with  a  water  solution  ot 
tannin,  the  amount  of  tannin  being  from  three  to  six  per  cent,  by 
weight  of  the  graphite  treated.  The  results  are  much  more  pro- 
nounced when  the  mass  of  graphite,  water,  and  tannin  has  been 
pugged  or  masticated  for  a  considerable  time,  I  having  to  ad- 
vantage carried  on  this  process  continuously,  without  interrup- 
tion, for  a  period  of  one  month.  I  have  also  found  that  while  the 
effect  may  be  produced  in  a  very  satisfactory  way  with  distilled 
water,  the  waters  as  found  in  rivers,  deep  wells,  etc.,  are  improved 
by  the  addition  of  a  trace  of  ammonia.  The  presence  of  carbon 
dioxide  in  the  water  will  prevent  deflocculation. 

The  accompanying  Figures  i  and  2  show  the  effect  of  tannin 
in  suspending  graphite.     Figure  i  is  that  of  two  test  tubes,  one 
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cotitainint^  water,  a  (Irop  of  ammonia  and  disintegrated  Acb.eson- 
Graphite,  the  other  tube  containing  a  similar  amount  of  water, 
.ammonia  and  gTai)hite,  with  the  a(l(Htion  '.A  a  little  gallotannic 
acid.  The  photograph  was  taken  immediately  after  the  tubes  were 
thoroughly  .shaken.  Figure  2  shows  the  same  tubes  and  contents, 
four  minutes  having  elapsed  after  being  shaken,  they  not  having 
been  disturbed  during  that  interval.  'Ihese  tubes  furnish  a  verv 
clear  demonstration  of  the  quick  settling  of  graphite  in  ])lain 
w^ater  and  the  remarkable  effect  of  the  presence  of  tannin. 

All  of  the  graphite  put  into  the  tube  with  the  tannin  did  not 
remain   suspended.     Tn    fact,    in   this   case,    as    illustrated,   very 
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Fig.  1 


nearly  all  of  it  had  settled,  only  sufiicient  remaining  in  the  water 
to  gi\e  it  its  blackness.  'To  cause  a  com])lete  suspension  of  all  the 
graphite  necessitates  prolonged  mastication  in  the  form  of  a  paste 
with  the  water  and  tannin,  and  1  find  that  after  this  masticati<^n 
has  been  carried  out  that  the  effect  is  very  nuicii  improved  bv 
diluting  the  mass  with  considerable  water,  and  allowing  it  t<^  re- 
main some  weeks  with  occasional  stirring. 

\fter  the  ])r()l(;nged  masticating  and  additional  time  of  ex- 
posure of  the  graphite  to  the  water  and  tannm,  an  intensely  black 
li(juid  is  obtained  consisting  (^f  water,  a  small  amount  of  tannin 
and  graphite:  the  latter  may  be  present  in  varying  amounts.  In 
this  condition  1  call  the  graphite  "detlooculated."'  a  state  of  sub- 
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division  mucli  finer  than  possible  of  attainment  by  mechanical 
means,  one  that  may  perhaps  be  correctly  sptiken  of  as  molecular. 
It  is  in  that  condition  called  "colloidal."  This  term,  however, 
does  not  ap])eal  to  me,  being  only  the  name  of  a  condition  or  state. 
The  term  "deflocculated"  is  much  more  readily  understood,  and, 
to  an  extent,  it  carries  with  it  its  own  definition.  I  have  found 
this  liquid  would  pass  throught  the  finest  of  filter  papers,  and 
the  contained  graphite  would  remain  in  suspension  for  weeks  and 
months, — apparently  for  all  time.  One  per  cent,  of  graphite  con- 
tent makes  the  liquid  so  thick  that  it  runs  through  the  filter  paper 
slowly;  reduced  to  0.2  of  one  per  cent.,  it  goes  through  quickly. 


^ 


u 


t7' 


Figures  3  and  .1  illustrate  an  experiment  with  water  containing 
0.2  of  one  per  cent,  graphite.  Figure  3  shows  a  glass  funnel  con- 
taining a  fine  filter  paper  resting  in  a  test  tube.  In  the  tube  be- 
low the  funnel  is  a  black  liquid,  which  has  passed  through  the 
filter  paper.  This  black  liquid  is  water  containing  0.2  of  one  per 
cent,  deflocculated  Acheson-Graphite.  The  fact  of  its  having 
passed  through  the  filter  paper  leaves  no  doubt  in  our  minds  of 
the  impossibility  of  separating  the  water  and  graphite  while  in 
this  condition  by  ordinary  filtration.    I  have  found  that  the  addi- 
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tion  of  a  \erv  minute  amount  of  hdyrochloric  acid  causes  the  con- 
tained graphite  to  flocculate,  i.  e.  group  its  molecules  into  masses 
so  that  it  will  no  longer  pass  through  the  paper.  Figure  4  shows, 
as  in  the  former  case,  the  funnel,  filter  paper  and  test  tube;  but 
now  in  the  lower  part  of  the  tube,  below  the  filter,  we  find  a  clear 
liquid,  this  being  the  water  in  which  the  deflocculated  graphite 
was  formerly  suspended,  the  graphite  now  being  caught  entirely 
in  the  filter  paper  above.  It  will  be  noticed  that  the  filter  paper 
in  Figure  3  is  black  on  the  outside,  this  having  been  produced  by 
the  deflocculated  graphite  passing  through  the  paper,  whereas  the 
filter  paper,  as  shown  in  Figure  4,  remains  white  on  the  outside, 
the  graphite  not  having  passed  through  its  body. 

This  effect  is  obtainable  with  non-metallic  amorphous  bodies 
generally,  having  been  secured  with  silica,  alumina,  lamp-black, 
ckiy,  graphite  and  siloxicon.  An  interesting  line  of  thought  may 
be  entered  into  as  to  the  part  this  effect  plays  in  nature's  economy. 
It  is  by  this  means  Nature  prepares  the  Potter's  clay. 

This  graphite,  even  after  flocculation,  is  so  fine  in  its  particles 
that  when  dried  01  masse  it  forms  a  hard  article.  It  is  self-bond- 
ing, like  a  sun-dried  clod  of  clay. 

I  have  successfully  used  deflocculated  graphite  in  water  instead 
of  oil  in  sight-drop  feed  oilers  and  with  chair,  feed  oilers.  I  have 
a  sliaft  in  my  laboratory  measuring  2  5-16"  in  diameter,  revolving 
at  3000  revolutions  per  minute  in  a  bearing  10  inches  long  that 
had  no  oil  on  it  for  a  month,  deflocculated  graphite  and  water 
being  the  only  lubricants  used,  the  feed  being  by  chain,  and  it  ran 
perfectly.  On  the  same  shaft  is  a  similar  bearing  lubricated  with 
oil,  and  this  ran  much  the  warmer  of  the  two. 

A  few  days  after  this  test  was  started  a  pessimistic  friend  re- 
marked that  just  plain  simple  water  would  give  the  same  results, 
that  the  presence  of  graphite  was  unnecessary.  We  are  influenced 
by  the  opinions  of  others  even  when  we  know  or  think  they  are 
wrong.  I  emptied  the  oil  out  of  the  second  bearing  on  the  shaft 
and  substitutetl  plain  water.  The  results  during  the  first  tweK'^e 
hours  seemed  to  support  the  contention  of  the  friend.  The  next 
day  after  the  machine  had  stood  motionless  over  night,  things  did 
not  look  so  well  for  the  water;  it  was  a  lame  "second"  on  account 
of  rust,  and  was  hurriedly  removed.  I  think  I  shall  not  recom- 
mend clear  water  as  a  permanent  lubricant. 

Deflocculated  graphite  in  water  possesses  the  remarkable  power 
of  preventing  rust  or  corrosion  of  iron  or  steel.     This  character- 
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istic  will  unquestionably  make  it  of  g-reat  value  tor  some  uses, 
and  while,  as  yet,  little  has  been  done  to  explore  the  iield,  some 
work  has  already  been  accomplished  in  using  it  as  a  cutting  com- 
pound in  screw  cutting,  and  I  have  been  advised  by  ona  large 
manufacturer  that  the  results  obtained  showed  it  to  be  equal  or 
superior  to  lard  oil  when  the  water  was  carrying  as  little  as  one- 
half  of  one  per  cent,  of  its  weight  in  graphite.  It  will  readily  be 
understood  that  while  preventing  rusting,  the  high  specific  heat 
of  the  water  renders  it  of  great  importance,  permitting  of  a  high 
speed  of  the  machinery,  and  consequently  increased  output.  An- 
other probable  application  of  defiocculated  graphite  in  water  will 
be  as  a  lubricant  for  condensing  engine  cylinders. 

While,  as  I  ha\e  stated,  defiocculated  graphite  in  water  is  an 
excellent  lubricant  for  light  work,  it  has  the  disadvantage  of 
losing  its  water  by  evaporation,  and  I  realized  that  to  utilize  the 
possible  advantages  of  defiocculated  graphite,  it  would  be  neces- 
sary to  replace  the  water  with  oil;  therefore,  I  set  before  me  the 
task  of  accomplishing  that  result.  When  it  is  remembered  that  a 
removal  of  the  water  by  evaporation  previous  to  its  replacement 
by  oil  would  cause  the  contained  graphite  to  assume  the  condi- 
tion of  a  hard,  flocculated,  self-bonded  mass,  it  will  be  seen  thai 
the  problem  was  riot  simply  one  of  the  evaporation  of  the  water 
and  suspending  the  resultant  dry  graphite  in  oil.  A  very  great 
deal  of  difficulty  and  many  discouraging  conditions  were,  met 
with  in  my  attempt  to  cross  this  apparently  bottomless  chasm, 
and  I  am  pleased  to  say  that  I  eventually  succeeded,  and  I  have 
been  successful  in  suspending  the  defiocculated  graphite  in  oil  in 
a  dehydrated  condition.  The  graphite  will  remain  suspended  in 
the  manner  that  it  formerly  did  in  the  water,  and  we  now  have  in 
this  article  a  truly  new  lubricating  body. 

A  new  material  having  been  created,  as  this  would  evidently 
seem  to  be,  a  new  name  is  necessary,  and  I  have  added  the  initial 
letters  of  Defiocculated  Acheson-Graphite,  D-A-G.  to  "Oil''  or 
"Aqua,"  when  the  defiocculated  graphite  is  carried  in  oil  or  water 
as  the  case  might  be,  and  have  "Oildag"  and  "Aquadag"  respec- 
tively. 

Prof.  C.  H.  Benjamin,  formerly  of  the  Case  School  of  Applied 
Science,  Cleveland,  O.,  and  now  Dean  of  the  Engineering  School 
of  Purdue  University,  is  engaged  in  making  extensive  tests  to  de- 
termine the  value  of  defiocculated  graphite  as  a  lubricant,  and. 
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wliik'  these  tests  are  not  as  yet  completed,  he  has  pro\e<l  that 
o.^'/<  by  weiL'ht  of  this  graphite  in  oil  greatly  reduces  the  co- 
elVicient  of  friction  anrl  materially  extends  the  life  of  the  oil  in 
which  it  is  suspended  as  a  lubricant.  Figure  5  shows  some  of  the 
results  obtained  ir^  his  tests  \\;jth  spindle  oil,  and  by  a  study  of 
them  we  hnd  that  comparing  the  initial  co-efficient  of  friction  of 
])l.'iin  oil  and  oil  containing  one-half  of  one  per  cent,  of  graphite, 
the  co-efticier.t  of  friction  of  the  r)i]  containing  the  graphite  was 
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Initial  Friction  Oil  ami  0  ,s  per  cent.   Graphite    . 
.\fler  120  ni.  Friction         '  "  '  .    . 

I'rii-lion  of  Oil  increased  

Friction  of  Oil  and  (irapliite  increased  .    .  .    .    .    . 

.\fter  Inb.  was  shnt  off  friction  of  oil  increased  .    .    .    . 

After  lub.  was  shut  off  friction  of  oil  and  j^rapliite   .    . 
Spindle  oil  wa>  used  in  all  test- 


65  ])ercent.  of  oil  alone 

55       " 

54  percent. 

30 

I2S  per  cent,  m  30  nnn. 
14         ••         ••     80     " 


1)ut  sixty-five  per  cent,  of  the  plain  oil.  while  after  one  hundred 
and  twenty  minutes,  it  was  but  lifty-tive  per  cent.,  the  friction  of 
the  oil  having  increased  hfty-foin-  per  cent.,  while  with  the  con- 
tained graphite  it  increased  but  thirty  per  cent.  After  shutting 
off  the  supplv  of  the  lubricaiU  on  the  bearing,  the  co-efficient  of 
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friction  of  the  oil  alone  increased  in  thirty  minutes  125%,  where- 
as the  co-et^cient  of  the  oil  with  (jne-half  of  one  per  cent,  of 
graphite  increased  in  eighty  minutes  but  14''/  .  In  fact,  at  the  end 
of  the  entire  run  of  200  minutes  its  co-efficient  of  friction  was 
less  than  the  initial  friction  of  the  plain  oil. 

I  have  myself  been  making  tests  of  the  efficiency  of  mv  pro- 
duct as  a  lubricant  for  automobile  gasoline  engine  cylinders,  with 
the  result  that  I  very  materially  reduced  the  consumption  of  oil. 
A  Packard  No.  30  automobile  that  I  am  operating  ran  over  4,000 
miles  without  the  necessity  of  cleaning  the  spark  plug,  and  what 
is  still  more  remarkable,  without  the  necessity  of  grinding  the 
valves.  The  usual  practice  being  to  clean  the  plugs  and  grind  the 
valves  at  least  in  1500  miles.  It  would  perhaps  be  too  early  to 
state  positively  that  the  use  of  Oildag  in  the  gas  engine  would 
eliminate  the  pitting  of  the  valve  seats,  but  the  results  that  I  have 
so  far  obtained  would  rather  indicate  such  a  possibility.  The  sur- 
faces produced  on  the  valve  seats  are  remarkable,  being  much 
finer  than  is  possible  of  attainment  by  any  mechanical  finishing, 
the  graphite  being  incorporated  in  the  body  of  the  metal. 


PRODUCTION    OF   MICA   IN    ic 


Of  the  minerals  composing  the  group  called  mica  practically  but  two — 
muscovite  or  potash  mica  and  phlogopite  or  magnesia  mica — are  industri- 
ally important,  and  only  one  of  these,  the  muscovite,  is  found  in  deposits 
of  commercial  value  in  the  United  States.  This  muscovite  is  widely  dis- 
seminated in  small  plates  and  crystals,  of  no  value,  in  crystalline  igneous 
and  metamorphic  rocks,  as  well  as  in  the  sediments  derived  from  themi 
but  the  commercially  valuable  deposits  are  confined  to  pegmatite — a  rock 
closely  allied  to  granite  in  composition,  composed  of  feldspar  and  quartz, 
with  more  or  less  mica  and  other  accessory  minerals,  but  unlike  granite  in 
that  its  minerals  are  crystallized  out  iniarge  masses.  Among  the  coarser 
products  of  this  crystallization  is  the  anica,  blocks  of  which  more  than  a 
yard  in  diameter  have  been  found 

The  properties  which  give  mica  its  value  to  the  world  of  industry  are  its 
perfect  cleavage,  the  toughness,  flexibility,  and  elasticity  of  its  cleavage 
sheets,  and  its  transparency  and  non-conductivity  of  electricity.  The  three 
principal  uses  of  the  material  are  for  electrical  insulation,  glazing,  and  deco- 
ration. The  first-named  use  probably  leads  in  present  importance,  but  the 
other  two  uses  date  back  to  ancient  times,  mica  antedating  glass  and  also 
being  early  used  to  secure  decorative  effects.  As  an  insulating  material  it 
occupies  a  place  that  cannot  be  filled  by  any  other  substance.     Recently  the 
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utilization  of  scrap  and  waste  mica  in  the  manulacture  of  luliricants  for  car 
axles  has  become  a  somewhat  important  industry  in  the  Wot. 

The  increasing  use  of  the  material  has  largely  modified  the  demand 
made  upon  the  mining  industry,  for  not  only  can  sheet  mica  of  small  size 
now  be  utilized,  but  even  more  important  is  the  extensive  use  that  is  now 
made  of  composite  mica,  molded  mica,  "micanite,"  and  other  varieties  of 
built-up  sheets.  Scrap  mica  is  also  utilized  in  the  manufacture  of  a  supe- 
rior quality  of  boiler  lagging,  and  ground  mica  is  used  in  somewhat  inc- 
reased quantities  in  mica  bronzes  and  paints  and  as  an  absorbent  for  ex- 
plosives. The  finest  ground  mica,  or  mica  flour,  finds  a  considerable  market 
with  manufacturers  of  high-grade  wall  papers,  the  luster  obtained  by  the 
use  of  muscovite  dust  having  the  advantage  of  both  permanency  and  bril- 
liancy. 

In  an  advance  chapter  f-om  the  "Mineral  Resources  of  the  United 
States.  Calendar  Year  1906,''  Douglas  B.  Sterrett,  of  the  United  States 
Geological  Survey,  reports  the  production  of  sheet  mica  in  the  United 
States  for  1906  as  1,423.100  pounds,  valued  at  $252,248,  and  of  scri.p  mica  as 
1489  short  tons,  valued  at  %22,y42.  These  figures  show  an  increase  over 
those  for  1905  of  498,225  pounds  in  quantity  and  $91,516  in  value  for  sheet 
mica,  and  of  36.3  tons  in  quantity  and  $4,886  in  value  for  scrap  mica.  The 
eight  States  which  shared  this  production  arc,  in  order  of  value  of  output. 
North  Carolina,  Colorado.  New  Hampshire.  Virginia,  Idaho,  South  Da- 
kota, New  Mexico,  and  Connecticut. 

The  imports  of  mica  into  the  United  States  in  1906  were  the  largest 
ever  recorded,  the  value  being  considerably  more  than  twice  as  great  as  in 
1902  and  1905,  the  years  that  formerly  held  the  record.  According  to  Mr. 
Sterrett,  the  total  quantity  imported  and  entered  l(jr  consumption  in  1906 
amounted  to  3.066,738  pounds,  valued  at  $1,042,608. 

The  total  production  and  consumption  of  sheet  mica  in  the  United 
States  in  1906  was  4,489,838  pounds,  as  against  2,519,445  pounds  in  1905,  an 
increase  of  about  78  per  cent.  A  comparison  of  the  import  figures  with 
those  of  the  home  production  shows  that  there  is  a  wide  field  for  the  ex- 
tension of  the  industry  in  the  United  States,  and  indeed  the  industry  is  ex- 
panding rapidly  to  meet  the  demand.  Deposits  carrying  mica  in  com- 
mercial size  are  found  in  many  parts  of  the  United  States  from  the  Atlantic 
coast  to  the  Pacific,  and  new  developments  are  reported  each  year.  Ala- 
bama and  Georgia  will  probably  appear  in  the  list  of  producing  States  in 
19071  and  other  States  will  doubtless  show  large  gains  in  production. 

Mr.  Sterrett's  paper,  wiiich  is  ready  for  distribution  and  may  be  ob- 
tained by  applying  to  the  Director  of  the  United  States  Geological  Survey, 
at  Washington,  D.  C,  contains  much  interesting  and  valuable  information 
concerning  the  material  and  the  methods  of  mining  and  manufacturing  it, 
and  includes  a  list  of  publications  dealing  with  the  subject. 
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QUARTZ  (FLINT)  AND  FELDSPAR  PRODUCTION  IN  1906. 

Quartz,  the  most  abundant  of  all  the  minerals,  occurs  in  so  great  variety 
of  form  and  is  utilized  commercially  in  so  many  different  ways  that  the 
statistics  of  its  annual  production  prepared  by  the  United  States  Geo- 
logical Survey  are  comprised  under  several  heads.  Certain  transparent, 
colored  varieties  of  the  mineral,  such  as  rose  and  smoky  quartz  and  ame- 
thystine quartz,  have  a  gem  value  and  are  discussed  in  connection  with 
precious  stones;  sand  used  for  building,  molding,  and  in  pottery  manufacture 
is  separately  treated,  as  are  also  sandstone  and  quartzite  used  for  building 
purposes,  although  all  of  these  materials  consist  of  nearly  pure  quartz.  The 
massive  crystalline  quartz,  often  called  vein  quartz,  with  flint  and  with 
quartzite,  used  for  other  than  building  purposes,  and  the  associated  and 
widely  distributed  feldspar  deposits  are  grouped  together  and  are  dis- 
cussed in  an  advance  chapter  from  the  report  on  "Mineral  Resources  of  the 
United  States,  Calendar  Year  1906."  This  chapter,  prepared  by  Edson  S. 
Bastin,  is  now  ready  for  distribution. 

The  varieties  of  quartz  dealt  with  in  Mr.  Bastian's  report  have  a  wide 
range  of  uses.  Massive  crystalline  (vein)  quartz  is  produced  in  Connec- 
ticut. New  York,  Maryland,  and  Virginia.  That  from  the  last-named  State 
is  used  in  the  manufacture  of  metallic  silicon  and  ferro-silicon  by  electro- 
Ij'tic  processes,  these  materials  being  largely  employed  in  steel  manufacture 
to  increase  the  toughness  of  the  product.  A  large  proportion  of  the 
quartz  from  New  York.  Connecticut  and  Maryland  is  ground  and  utilized 
in  the  manufacture  of  a  wood  filler.  Massive  quartz  in  blocks  is  used  in 
the  chemical  industry  as  a  filler  for  acid  towers  and  to  some  extent  as  a  flux 
for  smelting  copper;  ground,  it  is  used  extensively  in  the  manufacture  of 
sandpaper,  sand  belts,  scouring  soaps,  and  polishes  as  a  scouring  agent  in 
sand-blast  apparatus,  and  in  filters,  and  some  of  the  finest  grades  are  used 
by  the  dentists  as  cleaners.  So  far  as  known  very  little  domestic  flint  has 
ever  been  commercially  utilized,  although  its  quality  ap:;ears  to  be  equal 
to  that  of  the  imported  flint,  which  is  brought  in  cheaply  as  ballast  from 
France,  Greenland,  Norway,  and  England,  and  much  of  which  is  burned  in 
kilns  and  ground  for  use  in  the  pottery  trade.  Vein  quartz  is  also  used  bj' 
potterj''  manufacturers. 

According  to  Mr.  Bastian,  the  production  of  quartz  in  the  United  States 
in  1906  amounted  to  41,314  short  tons  of  the  crude  material,  valued  at  $37,632, 
and  25.383  short  tons  of  ground  quartz,  valued  at  $205,380;  a  total  of  66,697 
short  tons,  valued  at  $243,012.  These  figures  do  not  represent  the  entire 
amount  of  quartz  and  flint  consumed  for  the  year,  for  flint  is  imported  to 
the  value  of  $272,607. 

TIic  commercial  ficldspar  produced  in  the  United  States  occur  usually 
as  constituents  of  pegmatites,  and  to  meet  the  needs  of  the  pottery  manu- 
facturers, by  whom  they  are  chiefly  used,  they  must  contain  from  15  to  20 
per  cent,  of  free  quartz.  The  material  is  used  principally  as  a  constituent 
of  both  body  and  glaze  in  true  porcelain,  wdiite  ware,  and  vitrified  sanitary 
ware,  and  as  a  constituent  of  the  slip  (underglaze)  and  glaze  in  the  so-called 
"porcelain"  sanitarv  wares  and  enameled  brick.  At  present  it  is  quarried 
in    ]\Iaine.    New   York.    Connecticut,    Pennsylvania,    Maryland,    Texas,    and 
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Minnesota,  and  ilu-  total  production  in  1906  amounted  to  39,976  short  tons 
of  crude  fcld.spar-  valued  at  Ji32,643,  and  32,680  short  tons  of  ground  feld- 
spar valued  at  $268.8HX;  a  total  production  of  72,656  short  tons,  valued  at 
$401,531.  The  use  of  the  mineral  is  increasing  and  the  domestic  supply  is 
sup[)!cmcnted  by  large  importations  from  Ontario,  Canada. 


Book  Notices. 

Eleniciils  of  General  Chentislry  with  experiments,  by  John  H.  Long.  4th 
edition,  revised  and  enlarged.  443  pages  illustrations,  12-mo.  Philadel- 
phia, B.  Blakiston's  Son  &  Co.,  1906.     Price,  cloth,  Sx.50. 

This  work  first  appeared  in  the  year  1898.  The  present  edition  is 
brought  up  to  date  and  includes  a  chapter  on  the  theories  ol  solution  and 
the  conditions  of  chemical  equilibrium.  Ihere  arc  c>ne  hundred  and 
seventy-five  experiments  ni  all  fields  of  chem'srry,  interspersed  with  much 
information  of  value  to  beginners  in  the  study  of  the  science.  R. 


A  Text-Book  of  Elevicntary  /Inalytical  Chemistry,  cjualitativc  and  volumetric, 
by  John  K.  Long.  Third  edition,  revised  and  enlarged.  299  pages, 
illustrations,  12-mo.  Philadeli)hia,  P.  Blakiston's  Son  &  Co.,  1906. 
Price,  cloth,  $1.25. 

The  present  volume  is  intended  for  students  who  have  gone  through  the 
work  on  general  chemistry  by  Prof.  Long.  The  author  has  arranged  his 
course  to  meet  the  special  needs  of  the  students  in  the  chemical  labora- 
tories of  the  Northwestern  University  Medical  School,  at  Chicago.  The 
book  is  uniform  in  appearance  and  size  with  the  one  previously  noted. 

R. 

U'ellrciiie's  I'liol'i<;raf^liic  lixposiire  Record  mid  Diary.  United  States  Editic>n. 
1907.  260  i)ages.  illustrations,  plates,  24-mo.  New  York,  Burroughs, 
Wellcome  il-  C".     Price.  50  cents. 

I  his  annual  contains  considerable  inform.itinn  which  will  be  useful  tc 
the  amateur  idiotographer.  It  deals  with  developers  and  development,  re- 
strainers,  fi.xing  and  hardening,  and  other  matters  of  importance  in  the 
photographic  laboratory.  The  leading  feature  of  the  book  is  the  exposure 
calculator  which  is  attached  to  the  i)ack  cover.  It  is  a  movable  disc,  b}' 
irieans  of  which  the  approximate  exposure  can  be  ascertained  for  any 
subject  or  plate.  A  dozen  pages  are  devoted  to  light  values  of  the  different 
months,  and  a  table  gives  the  speed  of  about  two  hundred  makes  of  plates 
and  films.  In  addition  to  the  blank  pages  for  the  diary  there  arc  also  a 
number  of  pages  carefully  ruled  for  the  purpose  of  recording  negative  ex- 
posures and  positive  exposures.  The  work  is  issued  in  pocket-book  form 
and  is  adorned  with  several  half-tone  reproductions  of  photographs. 

R. 


JUeutenlary  Praetical  Clieiiiislry.  Part  II.  .\nalytical  Chemistry.  Qualitative 
and  Quantitative.  By  Frank  Clowes  and  J.  Bernard  Coleman.  Fifth 
edition.     237   pages,    illustrations,    ij-mo.     London.    J.    &    A.    Churchill. 
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1907.     On   sale   in   Philadelphia   at    P.    Blackiston's   Son    &    Co.     Price, 
cloth,  $1.00. 

In  the  revision  of  this  work  additions  have  been  made  to  the  volumetric 
and  gravimetric  portions,  and  a  new  section  on  inorganic  preparations  has 
been  added.  R. 


Principles  of  Qualitative  Analysis  from  the  Standpoint  of  the  Theory  of 
Electrolytic  Dissociation  and  the  Law  of  Mass  Action.  By  William 
Bottger,  translated  with  the  author's  sanction  and  revised  with'  his 
cooperation  by  William  Gabb  Smeaton.  300  pages,  illustrations,  8-vo, 
Philadelphia,  P.  Blakiston's  Son  &  Co.,  1906.     Price,  cloth,  $2.00. 

This  text-book  introduces  modern  conceptions  into  the  teaching  of 
qualitative  analysis.  Part  I  is  devoted  to  testing  a  solution  for  metals; 
Part  II,  testing  a  solution  for  anions;  Part  III,  the  complete  analysis  of  a 
given  unknown;  Part  IV,  the  rare  elements.  There  are  analytical  tables, 
including  tests  for  cathions  and  anions  and  preliminary  tests  and  methods 
of  bringing  solids  into  solutions.  R. 


Construction  des  Induits  a  Courant  Continu  L'Arbre  et  ses  tourillons  par  E. 
J.  Brunswick  et  M.  Aliamet.  172  pages,  illustrations,  12-mo.  Paris, 
Gauthier-Villars,    n.    d.     Price,    paper,    2    francs,    50   c;    cloth,    3   francs. 

Commuiatrices  et  Transformatcurs  Electriques  Tourants  par  Jean  Paraf.  194 
pages,  illustrations,  12-mo.  Paris,  Gauthier-Villars,  n.  d.  Price,  paper, 
2  francs,  50  c;  cloth,  3  francs. 

These  recent  additions  to  the  Encyclopedic  Scientifique  des  Aide- 
Memoire  will  appeal  especially  to  the  electrical  engineer.  Any  one  hav- 
ing a  knowledge  of  French  will  find  this  series  extremely  useful. 

R. 


L'Annee  Technique,  1906,  par  A.  Da  Cunha.  Preface  de  Alfred  Picjird. 
237  pages,  illustrations,  4to.  Paris,  Gauthier-Villars,  1906.  Price, 
paper,  3  francs,  50  c. 

The  leading  article  in  this  technical  review  of  the  past  year  relates  to- 
mventions  and  devices  for  the  protection  of  the  lives  and  limbs  of  work- 
men. There  is  also  considerable  space  given  over  to  the  subject  of  heating 
and  the  distribution  of  water  in  houses.  Thirty  pages  are  devoted  to  a 
review  of  the  work  done  in  civil  engineering  and  these  are  followed  by  a 
report  on  recent  advances  in  locomotion,  including  automobiles.  Tht 
volume  is  made  up  with  the  same  care  as  heretofore. 


Missouri  Bureau  of  Geology  and  Mines.  The  quarrying  industry  of  Missouri. 
By  E.  R.  Buckley  and  H.  A.  Buehler.  Forming  Volume  II,  Second 
Series  of  the  reports.  371  pages,  illustrations,  plates,  maps,  4to.  Jeffer- 
son City,  State  Printers,  1904. 

This  is  a  comprehensive  report  on  the  quarries  of  the  State  and  their 
products,  with  a  brief  geological  history.  It  deals  with  the  uses  and 
properties  of  building  stones  and  the  composition  of  rocks  and  rock 
structures.  The  chapter  devoted  to  laboratory  tests  contains  much  inter- 
esting information  on  the  strength  of  stones  and  the  effect  of  thawing  and 
freezing.  R. 
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Thermodynamik  tcchnischcr  Gasrcaktioiicn.  Sieben  Vorlesungen  von  Dr.  F. 
Haber  a.  o.  Professor  an  der  Technischen  Hocliscliule  Karlsruhe  i.  B. 
296  pages,  illustrations,  8-vo.  Aliinchen,  R.  Oldenburg,  1905.  Price, 
cloth,  10  marks. 

These  lectures  were  delivered  before  advanced  students  and  colleagues 
o'f  the  author.  The  work  treats  of  the  practical  and  not  the  theoretical 
side  of  the  question;  it  is  intended  to  serve  as  a  work  of  instruction  and 
as  an  aid  in  the  experimental  investigation  in  the  field  of  technical  gas 
reactions  and  forms  a  supplement  to  the  literature  on  the  subject  in  the 
various  technical  periodicals.  It  is  not  a  complete  reference  book  but 
simply  a  guide,  dealing  with  the  salient  points. 

The  work  is  carefully  done  and  there  are  many  references  to  the  labor 
of  others  in  this  field.  R. 


Uyt>ochloritc  und  Elcktrische  Bleiche.  Technisch-Konstruktiver  Teil  von 
Viktf)r  Engelhardt.  275  pages,  illustrations,  8-vo,  Halle  a.  S.,  Wilhelm 
Knapp,  1903.     Price,  paper,  12  marks. 

Die  lilckrolytischc  RafUnation  dcs  Kupfcrs  von  Titus  Ulke,  Ins  Deutsche 
libcrtragcn  von  Viktor  Engelhardt.  152  pages,  illustrations,  plates,  8-vo. 
Hallc  a.  S.,  \\'illielm  Knapp,  1904.     Price,  paper,  8  marks. 

Elck'trolytiscltcs  J'crfahrcii  cur  Hcrstelhmg  paraholischer  Spiegel  von  Sherard 
Cowper-Coles.  Ins  Deutsche  iibertragen  von  Dr.  Emil  Abel.  17  pages, 
illustrations,  8-vo.  Halle  a.  S.,  Wilhelm  Knapp,  1904.  Price,  paper, 
I  mark. 

Kiiiistlicher  Graphit  von  Francis  A.  J.  Fitzgerald,  Ins  Deutsche  iibertragen 
von  Dr.  Max  Hutli.  60  pages,  illustrations,  8-vo.  Halle  a.  S.,  Wilhelm 
Knapp,  1904.     Price,  paper,  3  marks. 

Die  Elektrolyse  geschmolceuer  Sal/.e.  Erster  Teil;  Verbindungen  und  Ele- 
mente  von  Richard  Lorenz.  217  pages,  illustrations,  8-vo.  Halle  a.  S., 
Wilhelm  Knapp,  1905.     Price,  paper,  8  marks. 

Die  Elektrolyse  gesctiiiiohener  Sal/.e.  Zweiter  Teil:  Das  Gesetz  von  Faraday; 
die  Ubcrfiihrung  und  Wandcrung  dcr  lonen;  das  Leitvermogen  von 
Kichard  Lorenz.  257  pages,  illustrations,  8-vo.  Halle  a.  S.,  Wilhelm 
Knapp,  1905.     Price,  paper,  8  marks. 

Die  Elektrolyse  geschmolzencr  Salze.  Dritter  Teil:  Elektromotorische  Krafte 
von  Richard  Lorenz.  322  pages,  illustrations,  8-vo.  Halle  a.  S.,  Wil- 
helm Knapp,  1906.     Price,  paper,  10  marks. 

Elektrolytisehe  Alkalichloridzcrlcgung  mit  fliissigen  Metallkathoden  von  Dr. 
R.  Lucion.  206  pages,  illustrations,  8-vo.  Halle  a.  S.,  Wilhelm  Knapp, 
1906.     Price,  paper,  9  marks. 

Die  elektrochemischen  Deutschen  Reichspatente.  Ausziing  aus  den  Patent- 
schriften  gesammclt,  geordent  und  mit  Hinweisen  versehen  von  Dr.  P. 
Frcchland  inid  Dr.  P.  Relilander.  230  pages,  illu'^trations,  8-vo.  Halle 
a.  S.,  Willulni  Knapp,  1906.     Price,  paper.  loanarks. 

Deutskhes  Patentrecht  fiir  chemikcr  v<in  Dr.  Julius  Ephraim.  608  pages,  S-vo. 
Halle  a.  S.,  Wilhelm  Knapp,  1907.     Price,  paper,  iB  marks.. 
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Elcktrniiuialliirgic  dcs  Eisciis  von  Dr.  Bcrnhard  Xcuniann.  176  pages,  illus- 
trations, (S-vo.  Halle  a.  S.,  Wilhelm  Knapp,  1907.  Price,  paper  7 
marks. 

L'bcr  die  clcktrolytischc  Cczciiimiiig  I'oii  Broiii  und  Jod  von  Dr.  Ing.  Max 
Schlotter.  50  pages,  illustrations,  8-vo.  Halle  a.  S.,  Wilhelm  Knapp, 
1907.     Price,  paper,  2.40  marks. 

The  above  are  among  the  later  issues  of  the  series  "Monographien 
u'ber  Angewandte  Elektrochemie."'  The  student  of  electro-chemistry  will 
be  most  interested  in  the  three  volumes  of  Dr.  Lorenz  on  the  electrolysis 
of  salts;  the  chemist  with  an  inventive  turn  of  mind  will  find  much  in  Dr. 
Ephraim's  work  on  the  German  patent  laws  and  in  the  work  on  the 
electrochemical  patents  of  Germany.  Two  volumes  of  the  series  are  trans- 
lations from  the  English,  and  it  is  hoped  that  some  of  the  other  issues 
may  be  translated  into  English  for  the  benefit  of  those  who  are  unable  to 
make  use  of  the  works  in  the  original.  R. 


Sections. 

(Abstract   of   Proceedings.) 

Mixing  .\xd  ^Ieiwllurc.ical  Section: — A  stated  ineeting  of  the  Section 
was  held  Thursday,  October  3d,  at  8  P.M. 

In  the  absence  of  the  President,  Professor  A.  E.  Outerbridge  was  called 
to   the  chair.     Present,   twenty-seven  members. 

The  Chairman  introduced  Mr.  E.  G.  Acheson,  of  Niagara  Falls,  N.  Y., 
who  presented  the  paper  of  the  evening  on  DeHocculated  Graphite. 

The  speaker  illustrated  his  remarks  by  the  exhibition  of  specimens 
which  showed  the  peculiar  properties  of  the  new  product. 

The  paper  was  discussed  by  Messrs.  Carl  Hering,  C.  J.  Reed,  H.  F.  Col- 
vin.  the  Chairman,  the  author,  and  others.  On  Mr.  Colvin's  motion,  duly 
seconded,  a  vote  of  thanks  was  passed  to  the  speaker  of  the  evening,  and 
his  paper  was  referred  for  publication.     Adjourned. 

W.  J.  WiLLi.xMs,  Scc'y  pro  tern. 


Electrical  Section: — Stated  meeting  held  Thursday,  October  10, 
8  P.M.     Mr.  Thomas  Spencer  in  the  chair.     Present,  forty-five  members. 

The  paper  of  the  evening  was  presented  bj'  Dr.  Joseph  W.  Richards, 
of  Lehigh  University.  Subject:  The  Electro-Thermic  Production  of  Iron 
and  Steel.  The  speaker  introduced  his  remarks  by  reference  to  the 
rapidly  growing  importance  of  the  subject,  and  called  special  attention  to 
two  recent  official  reports  made  by  a  special  technical  commission  ap- 
pointed to  investigate  the  subject,  by  the  Canadian  Government. 

The  speaker  described  the  present  state  of  the  art,  with  special  consid- 
eration of  the  electric  production  of  steel,  the  reduction  of  iron  direct  from 
the  ore,  and  the  production  of  ferro-alloys  of  the  rare  metals,  tungsten, 
molvbdenunL   vanadium,   etc. 
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riie  cfjiistruction  and  mode  of  operation  of  the  several  type*  "i  electric 
furnaces  were  described  and  illustrated  by  means  of  lantern  vie.v-. 

In  his  comments  on  the  various  aspects  of  the  industry,  Dr.  Richards 
declared  his  belief  that  the  electro-thermic  methods  had  so  far  progressed 
as  to  ma1<e  it  practically  sure  that  the  crucible  steel  process  was  doi>med  to 
early  extinction;  also,  that  the  commercially  econo-mical  production  of  iron 
direct  from  the  ore,  was  now  assured  in  a  number  of  localities,  such  as 
Norway,  Canada,  and  elsewhere,  where  cheap  electric  power  could  be 
depended  (m;  and  that  a  highly  important  branch  of  the  art — the  produc- 
tion of  ferro-alloys,  had  already  attained  the  dignity  of  an  established  in- 
dustry. 

The  paper  was  discussed  by  Messrs.  Outerbridge,  Garrison,  Conrad, 
Walil,    Colvin.    Goldsmith.    Loss,    Hering,   the   chairman   and   the    speaker. 

At  the  close  of  the  discussion,  on  motion  of  Mr.  H.  V.  Loss,  duly  sec- 
onded, Dr.  Richards  was  accorded  a  vote  of  thanks  for  his  interesting  and 
instructive  remarks,  and  his  pai)er  was  referred  to  the  Committee  on  Pub- 
lication.    Adjourned. 

Ricii.\RD   L.   Bixi>ER,   Secretary. 

Section  of  Phvsks  and  Chemistry. — Stated  meeting  held  Thursday, 
October  17,  8  P.M.  Dr.  Rol)'t  H.  Bradbury  in  llie  chair.  Present,  forty- 
two  members. 

After  tile  transaction  of  the  formal  business  of  the  meeting,  the  Presi- 
dent introduced  the  speakers  of  the  evening. 

Dr.  Edward  Goldsmith  read  a  paper  entitled,  "The  Jerseyite,"'  describ- 
ing a  meteoric  ston^  which  recently  had  been  observed  to  fall  in  the  neigh- 
borhood of  Gloucester,  N.  J.  The  paper  will  be  found  in  the  Journal. 
It  was  discussed  by  Dr.  Wahl  and  the  author. 

Mr.  Lowndes  Taylor,  of  West  Chester,  Pa.,  a  member  oi  the  Section, 
exhibited   and   described  an   Original    Form   of   "Platting    Range    Finder." 

Dr.  Henry  Emerson  Wetherill  exhibited  and  described  a  number  of 
improved  instruments  for  navigation,  which,  on  motion,  were  referred  to 
the  Committee  on  Science  and  the  Arts  for  investigation  and  report.  Ad- 
journed. Edward  A.  Partridce,  Secretary. 


Committee  on  Science  and  the  Arts. 

(Abstract  of  proceedings  of  the  stated  meeting  held  Wednesday.  October  2d.  UJ07.) 

Dr.  \V.\i.  O.  GRK.r.s  in  the  ( li.iir. 
The  undermentioned  reports  were  adopted: 
(No.    2392.)      Inipro'c'cnients    in    Ihffraction    Color    fhotografhs.      Herbert     E. 
Ives,  Weehawkeii.  N.  J. 

Ak.stract:-  The  subject  <-l  this  investigation  i-  an  .ipplication  of  the 
well-known  three-color  method  of  reproducing  cdior  and  combinations  of 
colors   by   i)h(iti>uraphy.   and    is.    essentially,    an    improvement    «in   a   process 
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invented  by  Prof.  R.  W.  Wood,  now  of  Johns-Hopkins  University,  Balti- 
more, Md. 

The  invention  is  covered  by  U.  S.  Letters  Patent  No.  817,569,  filed 
October  19.  1905.  and  granted  April  10.  1906.  Mr.  Ives  has  fully  described 
his  inventions  in  a  paper  read  before  the  Institute,  which  may  be  found  in 
the  Journal  for  June,  1906,  page  439.  ct  scq. 

In  dilifraction  color  photographs  the  colors  are  produced  by  three  super- 
posed or  mixed  diffraction  grating  images,  each  grating  providing,  by  a 
suitable  disposition  of  viewing  apparatus,  one  of  the  three  primary  colors. 

The  diffraction  color  photographs  made  by  Prof.  Wood  had  the  dif- 
fraction-grating images  superposed  on  the  same  plate,  or  on  two  or  three 
plates  in  register.  Prof.  Wood  in  a  paper  read  by  him  before  the  British 
Association,  and  published  in  Nature  (Vol.  Ixx,  page  614,  1904),  called  at- 
tention to  the  fact  that  in  practice  the  superposing  of  the  lines  of  the  dif- 
fraction grating  tended  to  produce  additional  disturbing  effects,  or  false 
colors,  by  the  rearrangement  of  the  superposed  lines  giving  spectra  that 
were  out  of  harmony  with  those  of  the  normal  diffraction  gratings. 

Even  a  modification  of  the  Joly  process,  that  was  tried  by  Prof.  Wood, 
did  not  give  uniformly  satisfactory  results,  largely,  perhaps  because  of  the 
difficulty  of  securing  perfectly  satisfactory  Joly  pigment  screens,  and  also 
because  of  the  occasional  occurrence  of  secondary  diffraction  grating 
lines  with  the  lines  of  the  Joly  screen. 

To  overcome  these  objections  Mr.  Ives  makes  use  of  continuous  glass 
gratings,  such  as  are  usually  employed  in  making  diffraction  gratings,  but 
prints  through  a  screen  with  alternate  opaque  and  transparent  spaces 
being  twice  the  width  of  the  transparent  ones. 

As  a  fourth  modification  of  the  original  method,  Mr.  Ives  has  been  able 
to  practically  apply  a  suggestion  made  by  Mr.  Thorp,  of  Manchester, 
England,  in  1900,  and  produce  all  of  the  necessary  color  by  the  use  of  a 
single  diffraction  grating  rotated  to  different  angles.  *  *  *  *  "phe 
resulting  picture  constitutes  a  refraction  color  photograph  coanposed  of 
juxtaposed  lines  or  strips  of  diffraction  lines,  the  lines  of  each  strip  being 
spaced  differently  from  those  of  the  other  strips.  When  viewed  in  the 
special  device  designed  by  Mr.  F.  E.  Ives,  the  pictures  thus  prepared  are 
highly  satisfactory  and  reproduce  the  original  colors  in  a  manner  that  ap- 
proximates verj--  well  the  results  that  have  been  obtained  with  the 
Chromoscope. 

The  report  recommends,  in  conclusion,  for  the  ingenuity  and  originality 
displayed  in  the  invention,  the  award  to  Herbert  E.  Ives  of  the  Edward 
Longstreth  Medal  of  Merit.  (Sub-Committee: — M.  I.  Wilbert,  Chairman; 
A.  W.  Goodspeed,  J.  W.  Ridpath.) 

(No.  2404.)  Electric  Furnace  for  the  Production  of  Carbon  Bi-Sulphide.  Ed- 
ward R.  Taylor,  Penn  Yan,  N.  Y. 

This  is  reserved  for  publication  in  full.  The  report  awards  the  Elliott 
Cresson  Medal  to  the  inventor.  (Sub-Committee: — ^Jos.  W.  Richards,  Chair- 
man; Carl  Hering,  S.  S.  Sadtler.) 

(No.  2408.)   Pressed  Steel  Pulleys.     Ferdinand  Philips,  Philadelphia,  Pa. 
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This  report  is  reserved  lor  puljlicatifm  in  lull.  The  report  awards  the 
Elliott  Cresson  Medal  to  the  inventor.  (Stib-Coiinnittcc: — Hugo  Bilgram, 
•Chairman;  Kern  Dodge,  J.  Y.  McConnell.) 

(Xo.  2409.)  Diffraction  Color  Plwtogral^hs  and  Process  of  Making  Same. 
Pr  ft.  R.  W.  VV'ood,  Johns-Hopkins  University.  Baltimore.  Md. 

Abstract: — The  invention  of  Prof.  Wood  is  covered  by  U.  S.  Letters 
Patent  No.  755,983,  dated  March  29. 

This  process  depends  on  the  production  of  color  sensations  by  dif- 
fraction gratings  of  varying  grating  spaces  placed  between  the  eye  of  the 
observer  and  the  source  of  light. 

Prof.  Wood  described  his  invention  in  a  paper  entitled.  "An  application 
of  the  Diflfraction  Grating  to  Color  Photography."  published  in  the  Philo- 
sophical Magazine  for  April,  1899.  Further  details  of  the  process  were  sub- 
sequently published  in  Nature,  in  the  Journal  of  the  Society  of  Arts.  Lon- 
don, and  in  other  scientific  journals.  The  process  depends  on  the  bending 
<jf  the  rays  of  light,  by  diflfraction  gratings  of  varying  fineness.  The  dif- 
fraction gratings  used  for  this  purpose  are  of  glass  ruled  with  fine  parallel 
lines — several  thousand  to  the  linear  inch.  When  a  fine  point  or  line  of 
light  is  viewed  through  such  a  plate  or  diflfraction  grating  there  will  be 
seen  spread  to  either  side  of  the  source  of  light  or  central  image,  a  series 
of  spectra  beginning  with  red  at  the  furthest  or  extreme  end  of  the  visible 
spectrum.  By  the  use  of  a  coarser  or  finer  grating  these  spectra  can  be 
<lisp]ayed  nearer  or  farther  from  the  central  image  at  will  and  the  several 
portions  can  thus  be  made  to  be  superposed  at  one  given  point. 

Prof.  Wood's  patent  is  for  the  finished  photograph  and  for  a  method  of 
producing  multi-colored  photographs  by  superposing  monochrome  records 
of  multi-colored  objects  made  through  properly  selected  color  screens  and 
photographing  them  in  accurate  register  through  suitable  diflfraction  grat- 
ings adapted  to  produce,  at  a  given  point,  the  color  corresponding  to  that 
of  the  color  screen. 

The  pictures  themselves  are  produced  by  using  positives,  such  as  those 
made  by  Mr.  Ives  for  his  Chromoscope  and  printing,  on  a  sheet  of  thin 
glass  flowed  with  a  solution  of  bichromated  gelatine,  successively  the  red, 
the  green  and  the  blue  record  positive  through  the  corresponding  diflfraction 
grating. 

The  UKtliod  followed  by  Prof.  Wood  is  described  at  some  length  in  the 
Journal  of  the  Society  of  Arts,  London,  for  February,  1900,  page  287. 
The  completed  picture  is  described  as  "A  photograph  consisting  of  a  sur- 
face having  superjjoscd  diflfraction  rulings  of  diflferent  spacing,  each  spac- 
ing of  diffraction  ruling  being  adapted  to  produce  a  different  color. 

The  patent  granted  to  the  inventor  appears  to  cover  the  fundamental 
principles  applied  to  the  reproduction  of  color  in  photographs  by  the  dif- 
fraction process  and  the  practical  results  that  he  has  shown  appear  to  indi- 
cate that  he  has  been  able  to  secure  satisfactory  and  highly  interesting 
pictures. 

In  recognition  of  the  thought  and  originality  displayed  by  Prof.  Wood 
in  the  productit)n  and  in  the  subseciuent  development  of  diflfraction  color 
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photof^raphs  and  tlie  method  of  making  them,  the  report  recGramends  the 
award  of  the  John  Scott  Legacy  Premium  and  Medal  to  the  inventor. 
(Stib-Coiiniiittcc: — ATartin  I.  Wilbert.  Chairman:  A.  W.  Goodspeed.  J.  W. 
Ridpath.) 

The  following  report  passed  first  reading: 

(No.  2411.)     Diffraction  Chrotnoscopc.     Frederic  E.  Ives,  New  York.  N.  Y. 

Protests  against  the  following  reports  were  received  and  considered, 
and  the  subjects  were  referred  back  to  their  respective  Committees: 

(No.  2400.)     Primary  Battery.     Frank  A.  Decker,  Philadelphia,  Pa. 

(No.  2401.)     Electrical  Pyrometer  (LeChatelier).     W.  C.  Heraeus. 

New  Business: — Report  No.  2389 — Tozvnsend's  Thermometer  Support, 
adopted  March  6th,  1907,  was  made  the  subject  of  a  motion  by  Dr.  Wil- 
liams, duly  seconded,  directing  a  reconsideration  of  the  Committee's  action. 

Adjourned. 

Louis  E.  Lew.  Sec'y  pro  tern. 
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(Proceedings  of  the  stated  meeting  held  Wednesday.  October  i6lh.  ujoj.) 

Hall  of  the  Fraxklix  Lnstitl'te. 
PniLAnELPiiiA.  Pa..  October  16.  1907. 

Dr.   Edward  Goldsmith  in  the  chair. 

Present,  forty-two  members  and  visitors. 

Additions  to  membership  since  last  report,  four. 

After  the  transaction  of  the  usual  formal  business,  the  chairman  intro- 
duced Prof.  Oscar  C.  S.  Carter,  of  the  Central  High  School,  who  pre- 
sented a  communication  entitled,  "Camden's  Water  Supply  is  not  Derived 
from  the  Delaware  River  by  Infiltration." 

The  speaker  illustrated  his  address  with  the  aid  of  charts  and  lantern 
photographs. 

The  paper,  giving  the  author's  proofs  of  his  thesis,  appears  in  the 
Journal  for  November,  1907. 

After  a  full  discussion  of  the  subject  the  thanks  of  the  meeting  were 
voted  to  the  speaker  of  the  evening.     Adjourned. 

Wm.  H.  W.mil.  Secretary. 


JOURNAL 

OF   THE 

Franklin  Institute 

OF  THE  STATE  OF  PENNSYLVANIA 

FOR  THE  PROMOTION  OF  THE  MECHANI  C  ARTS 


Vol.  CLXIV,  No.  6  82ND  YEAR       DECE:^IBER,  1907 

The  Franklin  Institute  is  not  responsible  for  the  statements 
and  opinions  advanced  by  contributors  to  the  Journal. 


THK    KRANKLIN     INSTITUTK. 

{Stated  meeting  held  Wednesday,  Get  obey  16,  19O/.) 


A  New  Form  of  Cooper  Hewitt  Mercury  Vapor  Lamp. "' 

Bv  F.  H.  VON  Kkller. 


Within  the  hist  few  years  such  a  wealth  of  information  regard- 
ing- Mercury  X'apcjr  apparatus  has  been  published,  that  a  general 
description  of.  the  interesting  phenomena  appearing  in  the 
Mercury  Va])or  Container  would  substantially  prove  a  repetition 
of  nuich  that  has  been  well  said  before.  Nevertheless,  it  seems  not 
out  of  place  to  turn  attention  to  one  specific  technical  application 
of  the  much  discussed  principles,  embodying  some  of  the  most  in- 
teresting features:  a  new  form  of  lamp,  developed  and  now  com- 
mercially employed  by  the  Cor.per  Hewitt  l^lcctric  Company  of 
New  York  To  tiualify  llie  adjective  "new":  while  the  form  of 
this  lamp  is  entirely  novel,  its  operation  is  based  on  principles 
which  have  i)reviously  been  emi)loyed  by  the  company.  This 
lamp  differs  from  other  types  of  Mercury  Vapor  lamps  princi- 
pally in  its  structure  and  the  means  for  starting  the  arc  in 
the   lamp.     Inasmuch,    however,    as   the    starting   method    is    a 

♦Read  by  title. 
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factor  determining  the  whole  design  and  layout  of  a  lamp,  the^ 
one  under  discussion  has  assumed  a  shape  differing  from  other 
types  in  more  than  this  one  respect. 

As  well  known,  the  starting  of  Mercury  Vapor  lamps  offers  to 
the  engineer  a  problem  in  itself.  For,  unlike  for  instance  the  fila- 
ment of  an  Incandescent  Lamp,  the  inert  vapor  separating  the 
two  electrodes  of  a  Mercury  Vapor  lamp  is  by  no  means  a  con- 
ductor of  electricity.  To  render  this  vapor  conducting,  such  as 
it  is  to  a  very  high  degree  in  the  running  lamp,  it  is  necessary  to 
start  and  maintain  by  virtue  of  the  electric  current  the  vaporiza- 
tion of  the  mercury  at  the  negative  electrode. 

Thus  we  encounter  an  apparent  resistance  to  starting,  whose 
main  seat  seems  to  lie  in  the  negative  mercury-electrode.  To 
overcome  this  resistance  to  starting  we  can,  broadly  speaking,  em- 
ploy either  one  of  two  methods. 

(a)  Either  break  down  the  negative  electrode  resistance  by 
means  of  a  relatively  high  voltage,  thereby  paving  the  way  for 
the  operating  voltage  to  establish  and  maintain  the  fiow^  of  cur- 
rent in  the  lamp, 

(b)  Or  establish  current  in  the  negative  electrode  by  breaking 
its  contact  to  another  electrode  in  the  main  or  in  a  supplementary 
circuit. 

I.       STARTING    METHODS. 

Assuming  that  the  reader  is  familiar  with  the  general  form  of 
the  Mercury  Vapor  lamp,  the  following  recapitulation  will  briefly 
describe  a  few  of  the  more  prominent  starting-methods  which 
are  being  employed  in  practice : 

(a)   Contact-Method. 

The  fluid  mercury  is  caused  to  momentarily  form  a  connecting 
bridge  between  the  two  operating  electrodes.  When  this  bridge 
severs,  the  flow  of  current  starts.  This  method  is  represented  by 
the  so-called  "Tilting  Lamp,"  where  the  tube  is  tilted  by  hand  or 
automatically  by  means  of  a  solenoid,  thereby  causing  the  mercury 
to  flow  from  end  to  end  of  the  tube  and  to  make  and  break  con- 
nection between  the  two  operating  electrodes.  After  the  current- 
flow  is  thus  started  on  the  up-tilt  of  the  tube,  the  same  on  the 
down-tilt  falls  back  into  its  original  position  by  gravity.     This 
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method  of  starting-  is  by  far  the  simplest  in  principle,  and  has 
proven  to  be  extremely  reliable  in  operation.  By  this  method 
can  be  started  any  tube  which  will  run  successfully.*  The  start- 
ing therefore  is  not  sensitive  to  vacuum  conditions.  Tilting 
lamps  are  widely  employed  and  a  representative  type  is  shown  in 
accompanying  cut,  Figure  i.  The  lamp-tube  of  this  method  in 
itself  is  simple,  easily  manufactured,  and  easily  shipped. 

(b)  lulaiiioit  Method. 

Here  the  tube  itself  is  stationary,  while  contact  between  the 
negative  electrode  and  the  filament  is  made  and  broken  by  means 
of  moving  parts  placed  inside  the  tube.  The  filament  is  a  thin 
carbon  rod  oi  higli  resistance,  connecting  to  and  extending  from 
the  positive  electrode  (usually  iron,  nickel  or  graphite)  down 
into  the  vicinity  of  the  negative  mercury-electrode.  When  the 
voltage  is  thrown  on  the  lamp,  a  small  current  passes  from  the 
positive  terminal  of  the  tube  through  the  filament  to  the  mercury 
and  the  negative  terminal.  Now  this  current  by  magnetizing  a 
solenoid,  either  raises  the  filament  or  lowers  the  mercury  level, 
thus  breaking  the  contact  at  the  mercury-surface  and  starting  the 
How  of  current  between  the  negative  electrode  and  the  filament. 
The  current  thus  started  then  climbs  along  the  high  resistance  fil- 
ament to  the  positive  electrode,  shunting  the  filament  and  leaving 
it  to  conduct  only  a  negligable  amount  of  current  while  the  lamp 
is  in  operation. 

Tulles  started  by  this  method  naturally  assume  a  more  compli- 
cated form.  Their  manufacture  is  delicate  and  expensive,  and 
the  shipping  becomes  a  serious  question.  Moreover,  the  starting 
is  sensitive  to  vacuum  conditions  prevailing  in  the  tube.  Lamps 
started  by  this  method  have  not  come  into  the  market  to  any  con- 
siderable extent,  owing  undoubtedly  to  the  difficulties  inherent  to 
the  tube  design. 

(c)  High  Voltage  Kick  Method. 

Here  a  comparatively  high  voltage  kick  is  impressed  across  the 
tube-terminals  to  break  down  the  initial  resistance  and  effect  the 


*A  tube  whose  vacuum  is  impaired,  but  not  enough  to  interfere  with 
successful  running,  may  yet  cause  difficulty  in  starting  by  some  methods. 
Not  so,  however,  when  employing  the  Contact-method. 
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starting.  As  the  lamp  under  consideration  employs  this  method 
of  starting,  a  more  detailed  description  of  the  method  and  the 
apparatus  employed  is  given  in  the  following: 

A  quick-ljreak  mercury-switch,  the  so-called  "Shifter,"  is  con- 
nected in  series  with  the  starting  resistance  across  the  tube- 
terminals  (  See  Fig.  2.  )  When  the  lamp  is  switched  on,  the  cir- 
cuit is  completed  through  the  inductance-coil,  the  Shifter,  the 
starting  resistance  and  the  series  resistance.  The  inductance- 
C(»il  heing  magnetized  by  the  current,  actuates  an  armature,  which 
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now  causes  the  Shifter  to  open  this  starting-circuit.  The  energy 
stored  in  the  inductance  thereby  being  forced  to  find  a  new  dis- 
charge-])aili,  now  l)reaks  down  the  initial  resistance  of  the  tube, 
and  effects  the  lighting.  The  so-called  "Starting-band,"  a 
metallic  coat  painted  on  the  outside  of  the  enlarged  bulb  at  the 
negative  end  of  the  lamp.  (Condensing  Chamber)  forms  one  side 
of  a  condenser,  the  other  side  of  which  is  the  mercury-electrode, 
the  glass  serving  as  dielectric.  The  Starting-band  is  connected 
to  the  i«)siti\e  termin;il  and  the  high  voltage  which  is  impressed 
upon  this  condenser  (hu-ing  the  action  of  the  Shifter  facilitates 
the  startiu"-. 
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II.       NATURE  OF  THE  INITIAf,   LAMP   RESISTANCE. 

We  have  in  the  introductory  remarks  ah-eady  made  reference 
to  the  nature  of  this  initial  resistance.  Therefrom  it  was  appar- 
ent that  a  pecuhar  excitation  of  the  mercury- electrode  was  neces- 
sary to  render  the  vapor  conducting.  In  all  Mercury- Vapor  ap- 
paratus the  negative  (mercury)  electrode  is  destined  to  play  a 
peculiar  role.  In  the  running  lamp  a  small  white  spot  of  intense 
brilliancy  can  usually  be  observed  traveling  over  the  mercury  sur- 
face in  an  erratic  course  and  with  great  rapidity.  At  this  point  the 
current  passes  from  the  mercury  into  the  vapor.  At  this  point  also 
takes  place  the  production  of  the  conducting  mercury  vapor.  At 
this  point — we  must  therefore  expect — the  greatest  concentration 
of  potential  is  required,  to  effect  starting.  Thus,  in  our  lamp 
75  to  90%  of  the  total  necessary  starting- voltage  is  due  to  the 
negative  electrode.  The  balance  is  required  to  break  down  the 
vapor-column.  The  positive  electrode  offers  practically  no  ini- 
tial resistance. 

From  1,000  to  10,000  volts  may  be  necessary  to  break  down  the 
initial  resistance  of  the  mercury-electrode,  the  actual  amount  be- 
ing determined  by  the  physical  form  of  the  mercury  surface  and 
the  vacuum  conditions  in  the  tube.  To  hold  this  voltage  at  as 
low  a  value  as  possible  two  means  are  resorted  to  in  the  lamp 
under  consideration : 

(a)  Upon  the  outside  of  the  Condensing  Chamber  and  op- 
posite the  mercury  edge  is  painted  a  metallic  coating,  called  the 
Starting-band  (See  above.)  The  same  may  conveniently  extend 
V  below  and  i''  above  the  inner  mercury  edge.  When  the  high 
voltage  kick  takes  place,  minute  sparks  seem  to  jump  from  the 
mercury  surface  to  the  glass  inside  the  bulb.  As  though  these 
sparks  had  punctured  a  highly  resisting  film  on  the  mercury 
surface,  the  main  current  now  issues  from  one  or  several  of  thesa 
punctures.  Thus  the  result  obtained  here  is  of  a  similar  nature 
as  that  caused  by  the  contact  method,  only  of  course,  in  this  case 
of  less  effectiveness  than  in  the  Contact — or  Filament — methods 
on  account  of  the  less  electric  energy  spent  in  the  discharge. 

The  Starting-band  is  a  most  powerful  factor  in  reducing  the 
initial  resistance.  The  necessary  voltage  is  thereby  decreased  by 
approximately  1000  to  3000  volts. 

(h)   As  is  well  known,  mercurv  Iving  in  a  glass  vessel  will  noi 


Dec,  1907.]       AVtl'  Form  of  Mercury  Vapor  Lamp.  399 

form  a  flat  edge  and  adhere  to  the  glass  walls  as  water  does,  but 
the  edge  will  ajjpear  round  and  the  mercury  will  touch  the  glass 
walls  at  a  level  lower  than  the  actual  mercury-surface.  Nor 
will  clean  mercury  readily  adhere  to  the  glass.  The  exciting 
action  taking  place  at  the  mercury  edge,  it  appears  that  the  re- 
sistance to  starting  is  extremely  sensitive  to  the  geometrical  form 
of  this  edge,  in  such  a  way  that  the  usual  round  edge  is  produc- 
tive of  a  high  resistance,  whereas  a  flattened  edge  will  mater- 
ially reduce  the  same.  Fortunately  the  presence  of  a  slight 
amount  of  amalgam,  such  as  of  Fe,  Cu,  Ag,  Pt,  Mg,  Al  (less  than 
.01%)  will  produce  a  flat  edge  of  the  mercury,  without  impairing 
the  vacuum  of  the  tube.  Incidentally  this  flat  edge  will  usually 
take  the  current  during  running  of  the  lamp,  /".  c,  the  current 
instead  of  wandering  about  the  mercury  surface  will  now  attach 
itself  to  the  flat  mercury  edge,  spreading  in  a  thin  bright  streak 
over  a  length  of  i  to  i  inch.  This  fact  adds  considerably  to  the 
stability  of  the  lamp,  which  is  thereby  enabled  to  remain  lighted 
on  very  much  lower  currents  than  when  the  current  is  wandering. 
By  flattening  the  mercury  edge  or  part  of  it  by  the  addition  of  an 
amalgam  to  the  mercury,  the  initial  voltage  required  may  be  re- 
duced by  several  thousand  volts. 

Besides  the  factors  mentioned,  the  temperature  of  the  mercury 
at  the  time  of  starting  is  also  a  determining  factor.  Generally 
speaking,  the  initial  resistance  of  a  hot  electrode  is  less  than  that 
of  a  cold  one.  The  presence  of  foreign  gases  in  the  tube  will  also 
effect  the  initial  resistance  of  the  negative  electrode  in  such  a  way 
as  to  l(jwcr  the  same,  i.  e.  the  better  the  vacuum,  the  higher  will 
be  the  initial  resistance.  In  normal  lamps  of  the  type  under  dis- 
cussion (using  the  Starting-band)  the  initial  resistance  of  the 
negative  electrode  will  rarely  exceed  3000  volts. 

In  addition  to  tlic  negative  electrode,  the  vapor  separating  the 
two  electrodes  also  offers  a  resistance  to  starting.  The  same  in- 
creases with  the  length  of  tube  and  is  quantitatively  dependent 
upon  tlic  state  of  vacuum,  /.  t'..  the  presence  of  foreign  gases,  and 
the  temperature  of  the  lamp  at  the  time  of  starting.  The  presence 
of  foreign  gases  will  usually  increase  the  vapor  resistance.* 

♦Nevertheless,  this  starting  method  is  not  sensitive  to  vacuum-condi- 
tions. In  tlie  presence  of  foreign  gas  in  the  tube  the  Shifter  will  "kick"'  a 
few  tinu's,  each  time  causing  a  stronger  flash  in  the  tube,  until  there  is 
.sufficient  mercury-vapor  produced  to  maintain  the  arc. 
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III.       THE  LAMP  TUBE. 

The  lamp  tube  consists  of  a  glass  tube  50"  long  and  i"  in 
diameter  (See  Fig.  3),  the  one  end  of  which  joins  the  condensing 
chamber,  the  other  the  positive  electrode  chamber.  The  con- 
densing chamber  extends  into  a  small  cup  into  which  is  sealed  a 
l^latinum  wire  serving  as  the  negative  terminal  of  the  lamp  and 
making  connection  to  the  niercury  which  lies  in  the  condensing 
chamber.  Upon  this  cup  is  cemented  a  terminal-cap* connected  to 
the  platinum  leading-in  wire  and  serving  as  terminal  for  the  out- 
side connecting  wire.  The  Starting-band  painted  upon  the  con- 
densing chamber  with  aluminum  paint  makes  connection  to  a 
suitable  post  which  takes  the  outside  connection.  The  positive 
electrode  consists  of  an  iron  cup  attached  to  a  platinum  wire, 
sealed  into  the  glass.  The  positive  end  is  also  provided  with  a 
suitable  terminal-cap. 

The  tube  is  exhausted  under  a  high  temperature  and  during 
the  exhausting  the  iron  electrode  is  treated,  i.  e.  heated  with  elec- 
tric current  to  a  white  heat.  By  this  process  are  removed  such 
gases  occluded  in  the  iron,  as  would  l3e  detrimental  to  the  per- 
formance and  life  of  the  tube. 

The  tube  has  a  voltage  of  about  70  to  75  volts  across  its  ter- 
minals at  the  normal  operating  current  of  3.5  amperes. 

TV.       THE  SHIFTER  AND  THE  HIGH  VOLTAGE  KICK. 

The  high  voltage  kick  is  effected  by  the  action  of  the  Shifter 
(Fig.  .j.)  The  same  consists  of  a  small  glass  bulb  i\"  in  di- 
ameter and  2\"  long,  provided  with  a  groove  which  partitions 
off  the  two  puddles  of  mercury,  serving  as  the  two  electrodes. 
To  each  one  of  these  puddles  leads  a  small  platinum  wire  making 
connections  to  a  suitable  terminal-cap  at  each  end  of  the  Shifter. 
These  caps  also  serve  as  pivoting  points  around  which  the  Shifter 
revolves.  The  Shifter  is  exhausted  to  a  high  degree  of  vacuum 
similar  to  the  tube. 

When  the  current  is  thrown  on  the  outfit,  the  mercury  is  lying 
in  the  bulb  beyond  the  groove  and  can  thus  form  a  continuous 
bridge  connecting  the  two  leading-in  wires  together  and  closing 
the  electric  circuit.  As  the  Shifter  is  turned  in  its  pivots  around 
its  axis  by  the  action  of  the  magnet-armature,  the  groove  cuts 
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into  tlie  mercury  bridge,  dividing  tlie  mass  of  mercury  into  two 
separate  puddles :  the  electrical  connection  is  broken. 

If  it  was  of  advantage  in  the  tube  to  reduce  the  initial  resist- 
ance to  a  minimum,  in  the  Shifter  it  is  the  aim  to  make  this  re- 
sistance as  high  as  possible.     The  same  is  therefore  pumped  to  a 
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FIG.  4       SHIFTER 


MERCURY 


CONNECTION    CLOSED 


CONNECTION    OPEN 


very  high  degree  of  vacuum  and  the  mercury  is  kept  as  clean  as 
possible. 

When  the  mercury  bridge  severs  the  Shifter  starts  and  remains 
running  like  a  small  Mercury  Vapor  lamp,  started  by  the  Con- 
tact-method. However,  the  current  in  the  Shifter  being  limited 
by  the  starting-resistance  to  only  i  ampere,  the  Shifter  will  run 
(i.  e.  maintain  the  arc)  only  about  ]  of  a  second  and  then  go  out. 
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At  this  instant  the  initial  resistance  of  the  negative  electrode  of 
the  Shifter  re-establishes  itself. 

Generally  speaking,  the  negative  electrode  of  any  Mercury 
Vapor  apparatus  will  tend  to  re-establish  its  initial  resistance 
while  running  on  currents  below  four  ami)eres.  The  frequency 
with  which  this  will  occur  is  a  function  of  the  current.  To  coun- 
teract this  action  in  the  running  Mercury  \'apor  lamp  an  in- 
ductance is  always  inserted,  in  the  lamp-circuit,  which  reacts  upon 
these  impulses  with  a  high  voltage-kick  and  thus  keeps  the  lamp 
running.  In  our  lamp  the  same  inductance  which  serves  for 
starting  also  insures  the  stable  running  of  the  lamp  at  3.5  am- 
peres. This  same  inductance,  however,  will  sustain  our  Shifter 
for  only  \  second  at  the  low  current  of  i  ampere. 

When  the  Shifter-current  ceases,  there  takes  place  a  shifting  of 
the  current  from  the  Shifter  to  the  tube.  Hence  the  name 
"Shifter."  To  accomplish  this  shifting  it  is  necessary  that  at  the 
instant  of  current-interruption  the  initial  resistance  of  the  Shifter 
exceeds  that  of  the  tube.  \\t  see  here  an  instance  where  the 
initial  resistance  of  the  Shifter  with  a  separation  of  the  electrodes 
of  \  to  ^-inch  exceeds  that  of  the  tube  with  a  separation  of  elec- 
trodes of  50  inches.  This  demonstrates  how  the  distance  between 
electrodes  (i.e.  length  of  the  vapor-column),  when  compared 
with  the  negative  electrode,  plays  a  negligable  i)art  with  respect 
to  the  total  initial  resistance.  The  difference  in  initial  resistance 
of  tul)e  and  Shifter  lies  of  course  in  the  fact  that  the  tube-resist- 
ance is  artificially  held  low  by  Starting-band  and  flat  mercury - 
Q(\\l,(^,  whereas  that  of  the  Shifter  is  held  high  by  excellence  of 
\acuum  and  the  use  of  very  clean  mercury. 

In  interrupting  the  current  in  the  inductance  of  our  lamp,  a 
voltage  of  about  4000  volts  is  thrown  across  the  terminals  of 
the  tube.  This  is  in  practically  all  cases  sufficient  ti^  break  down 
the  total  initial  resistance  and  effect  the  starting.  The  operating 
voltage  can  now  send  the  normal  current  through  the  tube.  This 
current  keeps  the  inductance  ctuls  magnetized  (See  l*ig.  j).  and 
thus  the  Shifter  is  kept  open,  i.  e.  the  starting-circuit  remains  in- 
tei"rn])ted. 

V.       AfXII.IARV    TAUTS. 

in  cut  Fig.  5  are  shown  the  auxiliary  parts  ^A  the  lamp  under 
di.scussion.     Connections  herein  are  made  as  per  diagram  Fig.  2. 
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Series-  and  starting-resistance  are  both  wound  upon  a  porcelain 
spool,  coated  witli  a  vitreous  enamel.  On  the  ssries -resistance, 
(hidden  in  Fig.  5)  connection  can  be  made  to  either 
one  or  two  points,  thus  making  the  outfit  practicable  for 
circuits    of   widely    vai"ying    supply    voltages.     The    tube    itself 


Fig.  5.    Auxiliary  parts  of  automatic  hinip. 


taking'  only  seventy-two  volts,  the  balance  of  the  voltage 
(with  the  exception  of  the  drop  across  the  inductance  coil) 
is  taken  up  in  the  above  mentioned  series-resistance  and  in  the 
so-called  "Ballast."  The  latter  is  a  resistance  consisting  of  a 
fine  iron  wire  and  enclosed  in  a  glass  bulb  containing  hydrogen 
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at  a  low  pressure.*  The  resistance  of  this  wire  rises  rapidly  with 
increasing'  current,  due  to  the  increasing  value  of  the  temperature- 
coefficient,  as  the  iron  wire  approaches  red-heat;  in  such  a  way 
that  the  drop  across  the  iiallast  is  trebled,  while  the  current  in- 
creases by  about  25%.  In  spite  of  the  adverse  voltage-character- 
istic of  the  tube  the  current  is  through  the  action  of  the  Ballast 
held  at  a  nearly  constant  value  in  the  neighborhood  of  3.5 
amperes  over  a  large  range  of  supply-voltage.  The  lamp  is  there- 
by rendered  extremely  stable  and  very  little  sensitive  to  fluctuat- 
ing line-voltages,  so  that  the  candle  power  ( which  is  a  function 
of  the  current)  experiences  only  slight  variations  on  unstable 
supply-circuits.  The  function  of  the  inductance  in  series  with  the 
lamp  has  already  been  discussed  under  paragraph  IV. 

Vr.       f.IGTIT,   EFI-ICIEXCV   AND  LIFI-:. 

Ihe  light  emitted  by  the  tube  is  of  the  greenish  hue  with  which 
tlie  public  has  become  acquainted.  While  this  color  excludes  the 
lamp  from  places  where  (esthetic  considerations  in  the  choice  of 
ilhiminant  are  paramount,  or  where  color  values  must  be  as  true 
as  possible,  yet  this  very  color  has  its  virtues  not  to  be  underes- 
timated. For  the  absence  of  red  rays  in  the  spectrum  makes  this 
light  the  least  harmful  to  the  eyes  among  all  the  illuminants 
known.  .\d(l  to  this  fact  the  low  intrinsic  brilliancy  of  the  light 
(5-6  C.  P.  per  s((.  in.),  add  the  gre'at  diffusion  and  absence  of 
shadows  under  the  lamp,  (characteristics  which  are  inherent  to 
the  tube-form),  and  it  is  not  surprising  to  find  the  Mercur> 
V^apor  Lamp  h(»l(h"ng  a  distinguished  place  among  illuminants  for 
its  very  rpiality  of  light. 

The  lamp  under  discussion  gives  a  light  of  about  800  C.  P. 
raih'al  to  the  axis  of  the  tube.  Tluis  the  efficiency  of  this  lamp 
is  about  .]  Watt  per  C.  P.  1  he  lamp  is  usually  provided  with  a 
ret1ect(tr.  In  the  course  of  tjie  lamp's  life  the  C.  P.  decreases 
about  20'<  ,  due  to  the  discoloration  of  the  tube. 

l'\ill\'  of  as  gre;it  importance  as  any  of  the  virtues  enumerated 
stands  out  the  remarkable  record  which  the  Mercury  Vapor  Lamp 
has  established  with  respect  to  life.  A  tube  may  be  said  to  live 
as  long  as  its  vacuum  remains  unimpaired.     Within  the  tube. 


*  The  Ballast-wire  normally  operates  at  a  low  red  heat.  The  presence 
I  if  hydroKcn  in  the  bulb  from  which  the  air  is  carefully  exhausted,  prevents 
nxidatinn  of  the  wire  and  .lids  the  dissipation  of  heat. 
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however,  no  progressive  deterioration  of  vacuum  takes  place  and 
it  is  only  when  the  air  gains  access  that  a  tube  will  fail.  This  is 
usually  the  result  of  a  crack  in  the  glass-structure,  caused  by 
handling  or  mishandling  the  tube,  by  the  hammer  of  the  mercury 
or  strains  in  the  glass.  Without  further  analyzing  these  in- 
definite factors,  a  careful  compilation  of  data  obtained  within 
the  last  three  years  shows  an  average  life  of  4000-5000  hours  per 
tube,  while  tubes  of  10,000  hours  are  by  no  means  unusual. 
Actually  there  are  a  number  of  tubes  in  existence  whose  life  ex- 
ceeds 20,000  hours,  and  which  are  still  intact.* 

This  means  to  the  user  of  the  lamp  that  during  4000-5000 
hours  any  individual  outfit  requires  practically  no  attention. 
Thus  the  cost  of  maintenance  is  reduced  to  a  figure  unequalled 
by  any  other  type  of  lamp  in  existence. 

VII.       CONCLUSION. 

The  lamp  described  herein  is  started  by  essentially  the  same 
method  as  employed  by  Mr.  Peter  Cooper  Hewitt  before 
the  Mercury  Vapor  Lamp  had  ever  appeared  before  the 
public.  The  first  lamps  manufactured  by  the  Cooper  Hewitt 
Electric  Company,  more  than  five  years  ago,  according  to  this 
method  were  non-automatic,  the  high  voltage  kick  being  pro- 
duced by  the  action  of  a  mechanical  quick  break  oil-switch 
mounted  on  the  wall  and  operated  by  hand.  The  tube  was  sta- 
tionary and  of  a  similar  construction  as  the  present  one,  em- 
ploying the  Starting-band.  Auxiliary  parts  were  separately 
mounted  on  wall  or  ceiling  in  the  vicinity  of  the  lamp. 

The  method  of  starting  by  tilting  has  proven  entirely  satisfac- 
tory and  has  gone  largely  into  use,  but  as  the  field  of  the  Mercury 
\'apor  Lamp  grew  the  demand  for  a  simple  form  or  stationary 
automatic  type  has  made  itself  more  and  more  felt.  As  a  result 
of  this  commercial  demand  the  type  herein  described  has  been 
developed. 

*The  figures  given  are  based  upon  performances  of  Tilting-lamps.  The 
lamp  under  discussion  not  being  placed  upon  the  market  until  recently  it 
was  impossible  to  give  representative  life-data  for  this  lamp.  Evidence 
tends  to  show,  however,  that  this  type  will  prove  even  superior  with  respect 
to  life  on  account  of  the  total  absence  of  motion  in  the  tube.  The  moving 
mercury  of  the  Tilting-lamp  is  undoubtedly  responsible  for  many  of  the 
cracks  in  the  glass-structure. 
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Diamond  Mining. 

{.Ibstract  of  a  lecture  delivered  before  the  l-ranldin  Institute.  Friday.  \'ov.  13.  i^oj.j 
Bv  Hi;nuv  Lk  II- ma  NX. 


'J"he  (liauioiid  has  been  fur  many  centuries  the  most  precious 
stone.  It  owes  its  prominence  to  an  association  of  several  pecu- 
liarities, among'  which  are  rarity,  hardness  and  exceptional  optical 
])roperties.  Notwithstanding  the  comparative  ease  and  certainly 
Avith  which  it  can  now  be  distinguished  from  other  stones,  it  is  not 
sure  that  in  ancient  times  such  distinction  was  appreciated.  It  is 
not  unlikely  that  quartz,  zircon,  tourmalin  and  other  brilliant 
cry>tals  were  confused  with  each  other  and  with  the  diamond. 
The  Greek  word  "adamas,"  cognate  with  our  word  "diamond," 
means  "unconquerable,"  and  was  applied  to  steel  as  w'ell  as  other 
hard  materials.  No  diamond  is  known  the  history  of  which  goes 
back  to  pre-Christian  times.  The  oldest  was  in  the  mantle  ot 
Karl,  king  of  the  Franks,  better  known  as  Charlemagne,  who  was 
crowned  Emperor  of  the  Romans  in  St.  Peter's,  Rome,  on  Christ- 
mas, A.D.  800.  The  fact  that  the  territory  occupied  by  the 
Egyptian  and  Roman  empires  does  not  include  important  dia- 
mond-bearing districts,  prol)ably  accounts  for  the  gem  not  appear- 
ing prominently  in  the  literature  of  those  nations. 

While  diamonds  may  he.  found  in  many  places,  and  in  many 
geological  formations,  the  valuable  mines  are  few.  For  many 
years  India  was  an  important  source,  but  it  is  interesting  to  note 
that  Golconda,  a  name  that  has  been  so  long  closely  associated 
M'ith  the  gem,  is  not  a  mine-locality  at  all,  but  a  market-town,  at 
Avhicli  diamonds  and  other  valuable  articles  were  bought  and  sold. 
'I'he  diamond  mines  of  Southeast  Brazil,  in  the  province  of  Minas 
<  leraes  ((icneral  mines)  have  yielded  many  hue  stones,  but  are 
n(^w  of  minor  importance,  though  they  have  furnished  in  one  year 
about  40,000  karats  (nearly  twenty  avoirdupois  pounds).  Dia- 
monds from  these  older  localities  have  of  recent  years  been 
termed  "old  mine  stones,"  and  it  is  probable  that  most  of  the  gems 
of  this  class  that  now  appear  in  the  market  are  from  stocks  that 
have  long  been  in  private  hands. 
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Geologists  and  mineralogists  have  long-  been  niiich  interested  in 
the  genesis  of  the  diamond,  and  many  theories  have  been  piu 
forth.  The  stone  rarely  occurs  in  the  place  of  its  formation, 
hence  a  study  of  its  surroundings  may  not  assist  in  solving  the 
problem.  Itacolumite  has  been  supposed  to  be  the  matrix  of  i\vt 
diamond,  but  this  view  is  not  now^  generally  accepted.  It  is  sup- 
posed that'  some  light  on  the  formation  is  thrown  by  the  experi- 
ments of  Moissan,  who  found  that  if  iron  highly  charged  with 
carbon  is  allowed  to  cool  rapidly  under  great  pressure,  minute 
carbon  crystals,  having  many  of  the  characters  of  the  diamond, 
are  found  intermixed  with  the  iron-mass.  It  has  also  been  sup- 
posed that  the  decomposition  of  carbon  dioxide,  or  of  some  hydro- 
carbons under  great  pressure,  might  give  rise  to  the  gem,  but  the 
conditions  in  nature  do  not  seem  to  justify  assuming  these  differ- 
ent actions,  or  any  that  have  a  close  analogy  to  them. 

Newton  was  the  first  to  suggest  that  the  diamond  has  a  relation 
to  organic  rather  than  inorganic  matter.  He  based  his  opinion 
on  the  resemblance  between  certain  optical  properties  of  the  gem 
and  those  of  some  hydrocarbons,  such  as  turpentine.  Of  course, 
he  did  not  know  the  formula  of  any  of  these,  but  he  knew  their 
organic  origin.  It  seems  to  me,  however,  that  Xewton's  view 
was  rather  a  lucky  hit  than  a  logical  deduction.  In  the  last  de- 
cade of  the  i/th  century,  about  the  time  that  a  visitor  to  Philadel- 
phia Avas  writing  to  a  friend  concerning  the  fine  forest  that 
stretched  from  4th  street  to  the  Schuylkill,  two  Italian  investiga- 
tors, Averami  and  Targioni,  working  under  the  patronage  of  the 
Grand  Duke  of  Tuscany,  succeeded  in  burning  a  diamond  by  the 
aid  of  a  lens. 

In  1867,  a  resident  of  one  of  the  Boer  villages,  on  the  Orange 
River,  South  Africa,  was  attracted  by  the  luster  of  a  stone  that  a 
child  had  found  on  the  river  bank.  It  was  ultimately  sent  to  Dr. 
Atherston,  an  expert  mineralogist,  at  the  English  settlement  near 
Cape  of  Good  Hope.  He  pronounced  it  a  diamond,  and  fixed  a 
value  of  $500,  which  was  afterward  obtained  for  it.  It  weighed 
23.5  karats.  Further  search  at  the  suggestion  of  the  expert 
failed  to  discover  another  diamond  until  so.ie  months  had 
elapsed.  The  fact  that  diamonds  could  be  obtained  attracted  at 
once,  of  course,  many  seekers.  For  some  time  the  workings 
were  entirely  along  the  banks  of  the  Orange  River  and  its  tribu- 
taries, especially  the  Vaal. 
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After  some  years  of  this  method  of  mining,  an  important  dis- 
covery was  made  of  a  diamond-yielding  deposit  far  from  the  allu- 
vial soil,  which,  until  then,  had  been  supposed  to  be  exclusively 
valuable.  On  the  J'aegersfontein  farm,  in  the  Orange  Free  State, 
southeast  of  the  Vaal  River,  the  frequent  occurrence  of  garnets 
was  noted,  and  as  it  had  become  a  belief  that  garnets  are  indica- 
tive of  the  diamond,  in  that  part  of  the  world,  the  overseer  of  the 
farm  prospected,  and  a  few  feet  below  the  surface  found  a  valua- 
ble stone.  This  was  the  first  of  the  so-called  "dry  mines,"  now 
the  feature  of  South  African  diamond  mining.  It  is  not  necessary 
to  give  the  details  of  the  discovery  of  the  other  mines.  The 
most  important  are  in  the  neighborhood  of  Kimberly,  and  arc 
controlled  by  the  De  Beers  Consolidated  Mines,  Ltd.  Several  im- 
portant mines  are  not  directly  controlled  by  this  syndicate. 
Among  these  are  the  Jaegersfontein  mine,  in  the  Orange  River 
Colony,  about  eight  miles  southeast  of  Kimberly,  and  the  Trans- 
vaal mines,  southwest  of  Pretoria.  Even  these  mines  are,  how- 
ever, apparently  in  a  "gentlemen's  agreement"  with  the  main 
company  to  prevent  competition. 

The  geology  of  these  districts  has  naturally  attracted  great  at- 
tention, but  the  location  is  so  far  out  of  the  line  of  ordinary 
travel  that  but  comparatively  few  have  studied  it.  Passing  over 
the  discussions  as  to  the  surface  geology,  now  considered  by  most 
authorities  to  be  of  glacial  origin,  it  is  found  that  the  diamond 
mines  are  a  more  or  less  decomposed  mass  of  rocks  filling  the 
craters  of  volcanoes.  These  craters  are  locally  termed  "pipes.  " 
They  are  at  most  only  a  few  acres  in  area,  but  extend  to  unknown 
depths.  One  of  them  is  now  mined  at  more  than  two  thousand 
feet  below  the  surface.  The  mines  of  the  De  Beers  Company,  by 
far  the  largest  operators,  are  included  within  the  limits  of  a  par- 
allelogram about  eight  miles  long  by  six  broad,  within  which 
five  mines  are  located  :  DeBeers,  Kimberly,  Putoits  Pan.  Bultfon- 
tein,  and  Wesselton  (formerly  Premier). 

The  methods  of  obtaining  diamonds  at  the  mines  are  entirely 
dift'ercnt  from  the  old  methods,  when  river  gravels  were  washed 
by  hand.  A  large  amount  of  intricate  machinery  has  been  in- 
stalled, and  some  methods  have  been  adopted  that  have  been  ren- 
dered necessary  by  the  peculiar  nature  of  the  product.  To  under- 
stand the  principal  points  it  will  be  necessary  to  consider  the  char- 
acter of  the  material  from  which  the  stone  is  obtained.     The  mass 
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of  partly  decomposed  rock  filling  the  "pipe"  is  commonly  known 
as  "blue  ground,"  from  the  prevailing  color.  There  is.  however, 
some  material  termed  "yellow  ground."  The  material  is  some- 
times soft  enough  to  break  easily,  but  is  usually  hard. 

When  the  mines  were  first  opened  the  work  was  entirely  at  the 
surface,  under  many  claims  of  small  area.  The  miner  simply 
dug,  broke  and  sifted  the  earth.  This  soon  led  to  excavations 
that  interfered  with  one  another  and  caused  accidents  by  falling 
earth.  Attempt  was  made  by  the  local  government  to  restrain 
the  excavations,  but  it  was  unsuccessful.  When  a  given  "pipe" 
passed  under  one  control,  the  excavation  was  simple ;  the  materiaV 
was  taken  out  regularly.  Even  this  method  became  unsatis- 
factory. The  deep  narrow  funnel  was  liable  to  accidents  and  in- 
terferences. The  present  system  is  largely  by  shafts  sunk  in  the 
adjacent  hard  rocks  with  lateral  galleries  at  levels  of  about  thirty 
feet.  The  following  is  the  order  of  rock  found  in  the  sinking  of 
the  side  shafts  of  the  De  Beers  mine:  Red  soil  (decomposed 
basalt),  20  to  30  feet;  black  shale,  with  much  free  carbon,  and 
pyrites,  200  to  300  feet;  thin  conglomerate,  probably  glacial,  la 
feet;  hard  amygdaloid  (olivin-diabase)  400  feet;  quartzite,  700 
feet.     Quartz  porphyry  penetrated  1000  feet,  and  not  passed. 

The  principal  minerals  found  in  the  blue-ground  are  olivine, 
pyroxene,  mica  and  garnet.  Serpentine,  as  a  product  of  alter- 
ation, is  found  in  rock  fragments. 

Although  the  blue  ground  is  quite  hard  when  mined,  it  becomes 
by  long  weathering  friable,  and  the  gems  can  be  obtained  by 
washing.  To  secure  this  weathering  large  storage  areas,  termed 
"depositing  floors,"  are  provided.  One  of  these,  within  the  De 
Beers  district,  is  four  miles  long  by  half  a  mile  broad,  and  two 
others  are  nearly  as  large.  The  floors  are  surrounded  by  a  fence 
and  guarded,  for  the  material  has  to  lie  about  a  year  before  it  is 
washed.  The  washing  is  conducted  by  elaborate  washing  ma- 
chines, which  "clear  out  the  looser  matter  but  leave  the  diamonds 
mixed  with  crystals,  e.g.,  garnets  and  zircons,  of  little  value.  For 
a  long  while  these  were  sorted  out  by  hand,  but  it  has  been  dis- 
covered that  wet  diamonds  will  stick  to  a  greasy  cloth,  while 
many  other  hard  minerals  will  not  stick.  The  separation  of  the 
precious  stone  is,  therefore,  easily  secured  by  passing  the  mixture 
over  screens  of  greasy  cloth.  The  grease  is,  from  time  to  time, 
cleaned  of  diamonds,  and  is  itself  occasionally  renewed.     After 
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the  diamonds  are  obtained,  they  must  be  sorted  according  to 
standards  of  quahty.  This  is  done  by  a  few  trained  workers,  who 
make  up  packages  of  different  grades  and  deliver  to  the  business 
department. 

The  mining  and  rough  work  of  the  district  is  mostly  done  by 
native  (black)  labor.  Diamond  mining  dififers  from  all  other 
mining  in  the  ease  with  which  valuable  material  may  be  secreted, 
hence  one  of  the  most  difficult  problems  in  South  Africa  has  been 
to  prevent  the  surreptitious  removal  of  the  rough  stones.  A 
special  system  has  been  inaugurated.  A  native  applying  for  work 
must  sign  a  contract  for  a  specific  time,  agreeing  to  live  in  an  en- 
closure, called  a  "compound,"  until  the  time  has  expired.  A  com- 
pound is  about  four  acres  in  area,  and  is  provided  with  com- 
fortable living  quarters,  swimming  pool,  exercise  grounds,  medi- 
cal attendance,  and  in  general,  conditions  that  allow  a  reasonable 
degree  of  comfort.  The  area  is  surrounded  by  a  fence  of  corru- 
gated iron,  and  overhead  screens  are  placed  at  the  working  tables, 
to  prevent  the  workers  throwing  stones  to  confederates  outside 
the  grounds.  Notwithstanding  all  these  precautions,  a  considerable 
loss  by  theft  occurs. 

The  blue  ground  is  brought  to  the  surface  in  cars  and  is  esti- 
mated by  loads,  which  average  1600  pounds,  four-fifths  of  a 
short  ton.  The  yield  averages  about  half  a  karat  per  load.  For 
the  fiscal  year,  closing  about  the  middle  of  1905,  the  De  Beers 
Company  reported  : 

Mined,  5.128.000  loads  (a  little  over  4,000,000  short  tons  of 
blue  ground ;  2.210.3 14  karats  obtained,  a  trifle  over  1000  pounds. 
The  karat  is  3,if>S  grains.  The  money  value  was  $24,000,000, 
so  that  the  rough  stone  brings  on  an  average  $10.50  per  karat.  It 
is  claimed  by  the  managers  that,  in  spite  of  their  efforts,  the  loss 
by  theft  amounts  to  over  one  million  dollars  a  year.  The  large 
proportionate  yield  of  the  De  Beers  Company  gave  it  practical 
control  of  the  diamond  market,  but  as  noted  above,  it  now  seems 
that  all  the  other  South  African  sources  are  syndicated  in  effect. 
The  United  States  leads  all  nations  in  the  importation  of  dia- 
monds. 

Diamond-cutting  is  a  trade  but  a  few  centuries  old.  Amster- 
dam has  long  been  one  of  its  headquarters,  and  Jewish  workmen 
most  prominent  in  it.  The  cutting  is  much  facilitated  by  the 
cleavage  of  the  stone,  by  which,  in  skilful  hands,  the  form  may  be 
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prepared  in  the  rough,  but  the  finishing  is  clone  by  slow  grinding. 
The  standard  form  of  the  rough  stone  is  the  regular  octohedron, 
often  with  rounded  curved  edges.  Cubes  are  rare  and  are  gen- 
erally modified  along  the  edges  by  several  planes.  Tetrahedrons, 
twinned  and  other  modifications  of  the  first  system  are  found. 
Colors  range  from  none  to  black  through  all  the  standard  shades. 

A  well-formed  octohedron  may  be  cleft  by  a  skilful  workman 
through  planes  parallel  to  the  base,  so  as  to  produce  a  compara- 
tively broad,  flat  surface  on  one  side  of  the  base,  and  a  narrow, 
flat  surface  on  the  other,  then  facets  may  be  cut  and  a  brilliant 
stone  obtained.  The  cleavage  is  done  by  cutting  a  nick  in  the  face 
of  the  stone  and  striking  with  a  steel  edge  at  the  proper  angle. 
The  grinding  is  done  by  mounting  the  stone  in  a  mass  of  fusible 
metal,  which  is  fastened  to  a  lever-arm  so  that  the  face  to  be 
ground  rests  on  a  plate  rotating  at  high  speed  and  bearing  dia- 
mond dust.  x\s  each  facet  is  finished,  the  stone  must  be  reset  in 
the  fusible  metal  as  to  expose  a  new  surface.  Diamonds  occa- 
sionally explode  during  these  operations.  This  may  be  due  to 
inclusions  of  liquid  carbon  dioxide.  Dr.  Joseph  Leidy  reported 
many  years  ago  to  the  Academy  of  Natural  Science,  the  ex- 
plosion of  a  diamond  in  a  ring  which  the  wearer  was  holding  in 
the  sun.  Diamonds  are  often  in  a  condition  of  strain,  hence 
severe  treatment  may  produce  structural  changes.  They  are 
often  heated  strongly  during  cutting  and  sometimes  develop 
cloudiness,  which  may  or  may  not  be  removed  by  polishing. 
After  this  a  second  heating  may  not  produce  injury,  as  the  strain 
has  been  removed.  There  is  often  great  loss  in  cutting.  The 
Koh-i-noor  w^eighed  793  karats  when  brought  to  England.  It 
was  cut  and  lost  186.5  karats,  and  a  second  cutting  lost  102 
karats.  The  average  loss  is  from  one-half  to  three-quarters. 
Stones  are  occasionally  of  unequal  hardness  at  different  points. 
In  cutting  the  Koh-i-noor  one  face  was  so  hard  that  six  hours' 
work  with  the  wheel  at  2400  r.p.m.  produced  no  visible  effect, 
and  a  much  higher  speed  had  to  be  used. 

The  largest  diamond  so  far  known  was  found  at  the  Premier 
mine,  in  the  Transvaal,  in  January,  1905.  It  weighs  3024.75 
karats  (9582.4  grains,  very  nearly  one  pound  six  ounces).  It  is 
an  irregular  prolate  spheroid  about  four  inches  long.  It  is  sup- 
posed to  be  a  fragment  of  a  much  larger  stone,  but  the  other  por- 
tions have  not  been  found. 
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(Stated  meeting  held  Wednesday,  November  20,  1907.) 


The   Increased    Gold  Production  and  Its  Effect   Upon  the  Cost 

of   Living. 

By  F.  Lynvvood  Garrison, 

Mining    Engineer,    Member    of    the    Institute. 


Within  the  past  few  months  the  question  has  been  frequently 
raised,  is  not  the  enormous  production  of  gold  throughout  the 
world  responsible  in  some  degree  for  the  present  extraordinary 
rise  in  prices  of  commodities,  especially  the  necessities  of  life? 
This  increase  in  the  cost  of  living  is  apparently  not  confined  to 
any  one  country,  but  is  universal,  at  least  in  Europe  and  North 
America.  The  feeling  seems  to  be  pretty  general  that  gold  is 
being  produced  in  such  large  quantities  as  to  become  cheap,  in 
other  words,  the  ratio  between  gold  and  food  production  has 
changed.  It  is  possible  to  obtain  approximately  accurate  figures 
relating  to  the  gold  element  of  the  problem,  but  reliable  statistics 
of  the  civilized  world's  food  production  do  not  seem  to  be  availa- 
ble. We  can  safely  assume,  however,  it  is  steadily  increasing, 
and  tjn  the  whole  in  perhaps  no  less  degree  than  the  growth  of 
population.  It  will  be  necessary  for  us  to  further  assume  the 
ratio  Ijetween  the  food  supply  and  population  a  constant  one,  that 
is,  one  has  not  substantially  gained  upon  the  other  during  the 
past  decade,  although,  of  course,  both  have  steadily  increased. 

Within  the  period  from  1896  to  1900,  the  gold  production  of 
the  world  is  given  by  the  German  statistician  Soetbeer  as 
$1,286,505,000,  and  in  the  five  years  between  1901  and  1905  was 
$1,611,155,000.  Taking  the  individual  years  we  find  the  yield 
in  1896  was  $202,251,600;  in  1897,  $236,073,700,  and  in  1898, 
$286,879,700,  showing  a  ratio  of  increase  of  approximately  16J 
per  cent,  between  1896  and  1897,  'i"^^  -^  P^^  cent,  between  1897 
and  1898.     The  world's  production  of  1904  was  $347,087,300, 
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and  that  for  1905  is  officially  given  as  $377,135,100*  an  increase 
of  approximately  8-^  per  cent.  The  estimated  production  for 
1906  is  $400,000,000,1  an  increase  of  only  6  per  cent.  It  would 
seem,  therefore,  that  during  the  years  of  low  prices  and  more  or 
less  business  depression,  the  percentage  of  increase  in  gold  produc- 
tion is  nearly  three  times  as  large  as  in  the  years  of  great  business 
expansion  and  high  prices.  This  substantiates  the  dicta  that  within 
a  period  of  public  financial  depression  gold  mining  is  one  of  the 
safest  and  most  profitable  occupations.  It  is  evident  from  the 
above  statistics  that  the  actual  increase  during  the  years  of  low 
prices  was  much  greater  than  in  those,  of  general  prosperity. 
While  obviously  this  does  not  show  that  the  accumulation  of  gold 
has  not  affected  prices,  it  does  demonstrate  that  in  years  of  de- 
pression the  gold  output  is  greatly  accelerated.  The  question 
hence  arises,  has  the  amassing  of  gold  been  greater  than  the  de- 
mands of  increased  business?  It  is  difficult  to  see  how  it  could, 
since  the  larger  the  volume  of  business  the  greater  demand  there 
must  be  for  a  circulating  medium  of  exchange. 

Some  persons  appear  to  erroneously  consider  that  gold  is  an 
actual  standard  of  value.  It  is  of  course  in  a  sense  an  arbitrary 
one,  the  real  standard  being  that  of  labor,  the  unit  of  which  must 
be  the  amount  of  work  a  man  can  do  in  a  given  period,  or,  to  use 
the  words  of  Thoreau,  "the  cost  of  a  thing  is  the  amount  of  what 
I  call  life  which  is  required  to  be  exchanged  for  it.''  To  support 
this  life  we  must  have  food  and  when  that  increases  in  cost  the 
price  of  labor  must  necessarily  rise  in  like  proportion. 

Assuming  that  the  general  condition  of  trade  throughout  the 
world  does  not  affect  and  is  not  influenced  by  the  volume  of  gold 
production,  the  question  arises,  will  the  increase  of  the  gold  out- 
put keep  pace  with  the  demands  for  that  precious  metal,  both  for 
use  as  currency  and  consumption  in  the  arts.  Reviewing  the 
production  of  gold  in  the  United  States  in  the  year  1906,  which 
was  $94,373,800,  we  find  that  there  has  been  a  net  increase  over 
the  year  1905  of  $6,193,100,  nearly  all  of  which  is  credited  to 
Alaska.  The  older  gold-producing  States  of  California,  Mon- 
tana, South  Dakota,  and  Washington  show  a  decreased  produc- 
tion of  approximately  $300,000  each,  and  Colorado,  Utah,  and 
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Idaho  a  small  decrease,  Arizona  a  slight  increase  and  Alaska  and 
Nevada  an  enormous  advance.  The  great  gain  in  production  of 
the  vast  and  virgin  territory  of  Alaska  was  perhaps  to  be  ex- 
pected, but  the  increased  production  of  Nevada  from  $5,359,100 
in  1905  to  $9,278,600  in  1906  was  surprising,  and  is  chiefly  at- 
tributable to  the  remarkable  discoveries  of  rich  gold  and  silver 
■ores  in  the  Tonopah  and  Goldfield  districts.  It  is  doubtful, 
however,  if  this  ratio  of  increase  or  even  the  same  rate  of  pro- 
duction in  Nevada  can  be  maintained,  since  it  is  believed  by  well 
informed  mining  men  that  the  yield  of  the  Tonopah  district  has 
about  reached  its  limit,  as  several  of  its  best  mines  are  showing 
signs  of  exhaustion.  This  is  what  might  be  expected  from  the 
injudicious  manner  in  which  some  of  these  fine  properties  have 
been  mtmaged,  or  rather  mismanaged. 

In  California  hydraulic  mining  is  not  holding  its  own.  and 
shows  signs  of  dying  out,  whilst  the  dredging  industry  is  in- 
creasing and  has  abundantly  demonstrated  its  profitableness  in 
favorable  localities.  In  fact,  it  is  safe  to  say  that  this  form  of 
gold  washing  and  recovery  is  in  its  incipiency,  and  as  it  grows  and 
develops,  is  certain  to  increase  the  gold  production  in  many  dis- 
tricts, thus  materially  assisting  in  maintaining  a  steady  yield  from 
the  older  producing  areas.  The  quartz  gold  production  in  Cali- 
fornia has  not  substantially  increased,  but  perhaps  may  do  so 
as  successful  methods  are  developed  for  treating  very  lean  ores. 
The  writer  cannot  account  for  the  falling  off  in  the  production  of 
Colorado  in  1906,  as  the  labor  troubles  which  so  seriously  af- 
fected the  mining  industry  of  that  State  appear  to  have  been  fairly 
well  settled.  It  may  be,  that  owing  to  the  agitation  produced  by 
these  disorders,  capital  has  been  scared  away,  and  comparatively 
few  new  mining  enterprises  were  inaugurated  in  Colorado.  In 
Montana  a  large  proportion  of  the  gold  production  is  from  copper 
ores,  and  as  this  yield  has  steadily  increased,  the  falling  off  in  the 
gold  uutput  must  be  ascribed  to  other  causes;  in  fact,  since  1904 
there  has  been  a  steady  increase  in  copper  and  a  marked  decrease 
in  gold  production.  In  South  Dakota  the  improvements  and 
economics  at  the  great  Homestakc  mine  seem  to  have  failed  to 
hold  the  gold  production  to  a  steady  figure,  since  there  has  been  a 
decrease  of  $110,700  between  1904  and  1905.  and  of  $309,000 
between  1905  and  1906.  In  Utah  for  1906  over  half  of  the 
$5, 1 30,900  of  gold  output  was  from  copper  ores.  In  Idaho  the  gold 
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production  is  chiefly  from  placer  mining,  and  showed  a  decrease 
between  1905  and  1906  of  $39,900.  Except  in  Alaska  there  has 
been  a  decided  falling  off  of  the  yields  from  placer  or  gravel  min- 
ing as  far  as  the  United  States  is  concerned.  This  is  what  might 
be  expected,  for  placer  and  gravel  washing  is  always  the  first 
mining  system  adopted  when  a  new  gold  producing  territory  is 
opened  up.  After  such  alluvial  deposits  are  exhxausted,  the 
miner  seeks  for  "quartz"  gold  or  ledges,  generally  with  unsatis- 
factory results,  for  such  men  are  usually  inexperienced  in  milling 
as  well  as  under-ground  mining.  On  the  whole,  it  would  appear 
that  with  the  exception  of  Alaska  placer  or  alluvial  gold  mining  in 
the  United  States  as  an  industry  is  dying  out,  and  is  giving  way 
to  dredging.  The  increased  production  of  gold  seems  to  be 
largely  due  to  the  copper  ores,  and  to  the  exceptionally  rich 
though  somewhat  erratic  gold  and  silver  deposits  of  central  and 
southern  Nevada.  In  this  State  it  is  doubtful  if  the  present  rate  of 
production  can  be  maintained,  unless  new  gold  deposits  are  discov- 
ered, and  the  expected  large  production  of  copper  ores  in  the  Ely 
district  yields  abundantly  of  the  precious  metals.  While  of 
course  it  would  be  unsafe  to  assert  that  the  present  ratio 
of  gold  production  in  the  United  States  proper  (not  in- 
cluding Alaska)  cannot  be  maintained,  it  is  nevertheless 
difficult  to  see  where  the  gold  is  to  come  from.  Of  Alaska 
we  have  reason  to  expect  great  things,  for  this  vast  territory  is 
but  partly  explored,  even  in  a  geographical  sense,  but  doubtless  it 
also  has  its  limitations. 

Turning  now  to  other  parts  of  the  world,  we  find  that  the  gold 
yield  of  the  Transvaal  has  about  reached  its  maximum,  since  the 
best  authorities  appear  to  agree  that  it  will  from  now  on  steadily ' 
decrease.  The  yield  of  this  justly  celebrated  district  is  enormous, 
and  is  now  considerably  over  $100,000,000  per  year.  Other 
sections  of  South  Africa  are  not  very  promising  with  the  possible 
exception  of  Rhodesia,  which  in  1905  yielded  $7,224,605.  The 
gold  production  of  Mexico  is  relatively  not  large,  but  there  is 
reason  to  expect  it  will  steadily  increase.  The  same  may  be  said 
of  the  Central  American  States  and  South  America,  which  prob- 
ably contain  to-day  the  largest  unexplored  and  undeveloped  sec- 
tions of  the  habitable  earth. 

In  Europe.  Russia  is  the  only  great  gold  producing  country. 
The  yield  of  European  Russia  and  Siberia  in  1904  being  37,321 
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kilos  of  gold,  and  in  1905,  33,541.  equivalent  to  $22,251,587,  the 
decrease  in  the  year  being  ascribed  to  the  disturbed  pohtical  con- 
ditions of  that  country. 

The  conckision  is  therefore  unavoidable  that  the  world's 
gold  production  has  not  reached  an  abnormal  or  unhealthy 
proportion  when  compared  with  the  enormously  increased 
commercial  activities  of  the  times.  On  the  contrary,  if 
anything,  we  need  more  gold,  for  business  seems  to  have 
outgrown  the  supply  of  circulating  medium,  that  is,  coined 
money  or  currency.  Gold  is  certainly  not  cheaper,  and  as  some 
of  the  chief  present  sources  of  supply  are  exhibiting  indubitable 
signs  of  exhaustion,  it  is  not  likely  to  become  so.  It  is  therefore 
evident  that  if  the  present  rate  of  increase  is  to  be  maintained 
we  must  soon  call  upon  the  comparatively  undeveloped  fields  of 
Sil^eria,  Central  and  South  America,  and  perhaps  parts  of  Africa, 
although  the  prospects  for  gold  in  the  latter  country  are  not  en- 
couraging. 

Continuing  this  analysis  further,  we  find  it  is  evident  the 
quantity  of  gold  derived  from  copper  ores  must  be  quite  large. 
In  the  statistics  for  Arizona  and  California,  this  particu- 
lar phase  of  the  yield  seems  to  be  given  only  in  terms  of  silver, 
that  is,  the  amount  of  gold  thus  derived  is  not  specifically  stated. 
In  Montana,  however,  $1,434,935  of  the  total  $4,889,233  of  gold 
produced  by  that  State  in  1905  came  from  the  copper  ores ;  that  is, 
about  29  per  cent,  of  the  gold  yield  of  the  State  was  thus  obtained, 
and  in  1906  it  was  probably  much  larger.  New  Mexico,  for 
1905,  gave  $76,455,  or  about  29  per  cent.,  from  copper  ores, 
whilst  in  Oregon  it  was  only  i^  per  cent.  Within  the  old 
gold  producing  States  it  seems  we  will  in  the  future  have 
to  look  to  the  dredging  industry  and  the  copper  ores  for 
the  increase  of  gold  production,  if,  in  fact,  we  are  not  obliged 
to  depend  upon  these  sources  to  maintain  the  present  amount  and 
prevent  a  steady  decline.  The  total  yield  of  gold  as  an  incident 
of  the  copper  industry  is  evidently  an  important  element,  although 
the  precious  metals  thus  derived  are  proportionately  very  small 
and  may  be  regarded  as  a  by-product,  since  copper  ores  do  not 
usually  contain  more  than  one  or  two  dollars  of  gold  and  silver 
per  ton,  the  ratio  being  about  one  part  of  gold  to  three  or  four  of 
silver.     The  vield  of  these  metals  from  this  source  will  therefore 
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depend  upon  the  production  (jf  copper,  which  in  turn  is  regulated 
by  the  price  of  that  metal. 

From  a  careful  consideration  of  the  whole  subject,  it  is  evident 
the  gold  production  of  the  United  States  (not  including  Alaska) 
is  not  likely  to  continue  exhibiting  a  substantial  increase,  if  in  fact 
it  can  maintain  its  present  rate.  There  are  doubtless  many  gold 
deposits  of  one  kind  or  another  in  the  United  States  that  could  be 
made  to  pay  enormously  in  a  country  like  China,  where  there  is  an 
abundance  of  cheap,  and  for  the  purpose,  efficient  labor,  but  iii 
this  country  of  high  prices  and  extravagant  living,  such  deposits 
would  probably  not  yield  a  new  dollar  for  an  old  one,  even  with 
the  best  of  our  so-called  and  sometimes  over-rated  labor-saving 
appliances.  I  believe  it  is  an  error  to  suppose  modern  mining  and 
metallurgical  methods  can  or  will  materially  modify  the  gold  pro- 
duction of  the  United  States,  although  of  course  in  some,  and  per- 
haps quite  a  number  of  instances,  the  yield  of  gold  can  in  this  way 
be  increased,  but  as  a  factor  of  the  whole  question  these  modern 
innovations  may  be  said  to  be  comparatively  unimportant. 

Gold  is  not,  as  commonly  supposed,  a  rare  metal,  indeed  it  \j- 
quite  a  common  one  in  the  crust  of  the  earth,  but  it  is  exceedingly 
widely  distributed  and  finely  disseminated.  It  probably  occurs 
in  appreciable,  though  minute  quantities  throughout  many,  if  not 
most  of  the  Tertiary  eruptive  rocks  that  compose  the  vast  chain 
of  mountains  extending  from  Alaska  on  the  north  to  Tierra  del 
Fuego  on  the  south.  The  gravels  underlying  Philadelphia  con- 
tain it,  and  the  iridescent  though  dishonest  scheme  of  Jernegan 
was  based  upon  the  substantial  fact  that  gold  does  occur  in  sea 
water.  The  forces  of  Nature  through  millions  of  years  have 
concentrated  some  of  this  gold  in  certain  places  favorable  to  its 
accumulation.  By  common  process  of  erosion  the  particles  of 
gold  gather. in  stream  beds,  sea  beaches  and  other  alluvial  and 
fluvial  deposits.  Through  its  solution  in  the  circulating  "waters 
under  the  earth"  gold  is  carried  from  place  to  place  in  the  rocks 
and  precipitated  in  favorable  locations,  usually  along  with  other 
metals.  These  latter  phenomena  are  very  obscure,  but  are  slowly 
yielding  to  scientific  study  and  research.  In  general,  it  may  be 
said  that  the  processes  of  metallic  accumulation  within  the  rocks 
are  essentially  superficial  in  the  sense  that  they  are  probably  going 
on  at  no  great  distance  below  the  surface.  Metallic  veins  and  de- 
posits do  not  usually  increase  in  size  or  richness  wnth  great  deptli^ 
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although  there  are  of  course  some  mines  that  can  be  worked  about 
as  far  below  the  surface  as  our  present  mechanical  limitations  will 
admit. 

In  conclusion,  it  is  difficult  to  see  how  the  production  of  gold 
throughout  the  world  can  possibly  continue  to  increase  in  the 
same  rate  as  within  the  past  few  years,  especially  in  the  face  of 
the  continued  increase  in  the  price  of  labor,  or  to  put  it  in  another 
way,  the  cost  of  living.  In  the  United  States,  especially  in  the 
manufacturing  States  like  Pennsylvania,  the  land  has  been  too 
frequently  deserted  by  its  tillers  to  labor  in  the  factory,  with  a 
consequent  increase  in  the  cost  of  food  and  an  absurdly  high  pro- 
tective tariff  has  stimulated  the  manufacturing  interests  as  alcohol 
will  an  individual,  creating  a  brief  sense  of  exhilaration  followed 
by  its  distressing  but  inevitable  reaction.  Extravagance  saps  the 
wholesomeness  of  family  life,  and  if  continued  is  certain  to  de- 
stroy the  nation. 


I 


GRANITE  IN  MAINE. 

During  tlie  summer  of  1905,  Mr.  T.  Nelson  Dale,  01  tlie  United  States 
Gfological  Survey,  visited  all  the  important  granite  quarries  in  Maine. 
The  results  of  this  work  are  soon  to  be  presented  in  a  bulletin  entitled 
'"The  Granites  of  Maine,"  to  which  Dr.  George  Otis  Smith  has  contributed 
an  introductory  chapter  and  map  showing  the  geographic  and  general 
geologic  relations  of  the  granites  in  that  State.  The  bulletin  will  also  in- 
clude the  statistics  of  the  granite  production  in  Maine  for  1905.  prepared  by 
Miss  A.  T.  Coons. 

The  number  of  quarries  and  prospects  visited,  including  those  of  "black 
granite"  for  monumental  use,  amounted  to  129.  The  capital  invested  in  the 
entire  Maine  granite  industry  in  1905  amounted  to  about  $3,500,000.  This 
(.stimate  is  based  upon  fair  valuations  of  the  quarries  themselves,  of  the 
plants,  and  of  the  amount  of  "working  capital"  that  is  required  to  carry 
on  the  present  business. 

The  report  is  designed  to  be  helpful  to  those  who  are  engaged  in  quar- 
rying and  working  granite,  as  well  as  to  architects,  contractors,  and  dealers 
in  monumental  stone,  and  it  will  also  make  known  to  geologists  the  results 
of  such  scientific  observations  as  were  made  in  the  course  of  the  work.  In 
iirdcr  to  accomplish  these  various  purposes  it  has  Iieen  divided  into  two 
parts — a  scientific  and  an  economic  part. 

The  first  is  practically  a  brief  text-book  on  granite  in  general,  illus- 
trated by  the  (piarries  of  Maine  and  written  as  far  as  has  been  possible 
in  tintechnical,  granite  language,  so  as  to  be  intelligible  to  working  and 
business  men.  This  part  treats  of  the  origin,  niineralogical  and  chemical 
composition,   texture,    structure,    physical   properties,   and   classification    of 
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granite  and  '"black  granites."  Under  the  heading  "Structure,"  the  nature 
and  origin  of  sheets,  rift,  grain,  flow  structure,  joints,  headings,  and  fauhs 
are  considered.  Dikes,  veins,  "knots,"  geodes,  inclusions,  and  contracts 
are  described  and  discussed,  as  well  as  the  discoloration  and  decomposition 
of  granite. 

In  the  economic  part  the  various  tests  of  granite,  the  adaptation  of  the 
stone  to  different  uses,  and  the  methods  of  granite  quarrying  are  first  con- 
sidered. An  economic  classification  of  Maine  granites  based  upon  visual 
characteristics  is  next  given,  and  then  follow  the  descriptions  of  the  quar- 
ries and  their  products,  the  matter  here  being  arranged  by  counties  in  al- 
phabetic order.  These  descriptions  follow  a  uniform  method,  taking  up  in 
succession  (i)  tlie  name  and  location  of  quarry,  name  and  address  of  opera- 
tor and  superintendent;  (2)  the  granite,  including  its  description  in  the 
rough  and  under  the  microscope,  together  with  the  results  of  any  tests  and 
analysis;  (3)  the  quarry,  its  dimensions,  drainage,  and  water  supply;  (4)  the 
stripping  and  rock  structure;  (5)  the  plant,  including  an  enumeration  of  all 
'machines  and  pneumatic  tools,  to  show  its  capacity;  (6)  the  means  of  trans- 
portation; (7)  labor,  both  of  men  and  animals;  (8)  product,  its  uses  and 
market,  together  with  the  names  and  location  of  buildings  or  monuments 
containing  the  sto;ie. 

At  the  end  of  the  report  is  a  bil)liography  on  the  economic  geology  of 
granite  and  a  glossary  of  such  scientific  terms  as  were  unavoidablj'  used 
and  also  of  current  quarry  terms.  The  report  includes  fourteen  plates  il- 
lustrating various  features  of  scientific  or  economic  interest  in  the  quar- 
ries or  their  product  and  forty-one  text  figures.  Most  of  these  text  figures 
are  diagrams  showing  the  course  of  joints,  headings,  and  dikes  at  the  quar- 
ries, but  others  illustrate  "rift,"  sheet  structure,  "sap,"  or  the  use  of  ex- 
plosives, or  show  the  location  of  individual  quarries  at  the  industrial  cen- 
ters. The  situation  of  these  centers  is  indicated  by  symbols  on  the  geologi- 
cal map. 


WHY  MONEY  IS  SCARCE. 

Many  theories  are  advanced  as  to  the  principal  causes  of  the  scarcity  ot 
funds  that  has  existed  for  a  long  time,  says  the  ]Vall  Street  Summary, 
A  banker  in  this  city,  who  has  made  a  close  study  of  the  question,  and  who 
has  been  extremely  conservative  for  many  months,  principally  because  of 
the  monetary  situation,  says  that  he  believes  that  a  large  amount  of  (money 
is  in  the  hands  of  laborers,  artisans  and  others  whose  wages  have  been 
very  materially  increased  within  recent  years.  He  believes  that  people  of 
this  class  are  carrying  about  a  much  larger  amount  of  money  than  ever 
tefore.  Others,  who  hold  this  same  theory,  point  to  the  fact  that  the 
newly-arrived  foreign  element  is  receiving  much  higher  wages  than  was 
ever  paid  to  that  class  of  people  until  a  few  years  ago,  and  that  many  of 
them  hardly  know  what  a  savings  bank  is,  and  consequently  are  simply 
hoarding  their  savings.  It  is  believed  that  this  situation  is  a  very  import- 
.ant  factor  in  the  money  market. — Iron  Age. 
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Section  of  Photography  and  Microscopy. 

(Stated  vieeiing  held  Thursday,  November  7,  190J.J 


A  Color  Screen  Color  Meter.''' 

By  Frederick   E.   Ivks. 


The  nearest  approach  to  a  universal  color  nicier  which  is  now 
commercially  exploited  for  use  in  the  arts  and  industries,  employs 
arbitrary  standards  and  scales,  and  different  sets  of  standards  for 
different  arts,  trades  and  industries.  The  numerical  readings  are 
of  a  complicated  character,  with  an  indefinite  qualification  of 
"brighter  than  standards"  or  "duller  than  standards,''  and  the 
percentage  values  are  quite  unreliable  because  of  the  introduction 
of  an  indefinite  number  of  retiecting  surfaces. 

By  an  adaptation  of  the  fundamental  principle  of  the  Maxwell 
"color  box,'*  substituting  a  special  photographic  diffraction  grat- 
ing for  the  prisms  in  Maxwell's  device,  and  making  the  instru- 
ment "direct  vision"  and  compact,  with  slit  adjustments  controlled 
from  a  point  near  the  eye.  I  made  it  possible  without  further 
complication  to  match,  measure  and  record  all  such  colors  as  can 
be  found  in  the  arts  and  industries.  My  diffraction  color  metei 
was  demonstrated  here  on  April  25th  of  this  year,  and  the  paper 
published  in  the  Journal  of  the  Institute  in  July. 

I  stated  in  my  ])ai)cr  that  some  difficulty  had  been  experienced 
in  perfecting  mechanism  for  giving  accurate  percentage  reading'^ 
of  the  opening  of  the  three  narrow  and  unequal  slits.  This  was 
successfully  accomplished,  but  there  was  reason  to  think  that  the 
correct  adjustments  might  not  always  be  maintained,  and  that 
users  of  the  instruments  might  sometimes  neglect  to  verify  the 
adjustments  before  taking  measurements.  Although  this,  being 
a  purely  mechanical  detail  of  the  instrument,  might  very  probablv 
be  satisfactorily  perfected  by  a  mechanical  expert,  it  seemed  to  me 
to  be  worth  while,  before  g<^ing  any  further  with  it.  to  see  how 
nearly  T  could  come  to  the  same  results  by  substituting  three  com- 

*Rc;kI  1)v  title. 
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paratively  large  rectangular  openings  covered  by  special  color 
screens  for  the  slits  and  grating,  and  mixing  the  colors  by  an  op- 
tical device,  thus  permitting  of  the  use  of  much  less  delicate  "slit" 
mechanism,  and  at  the  same  time  making  it  impossible  to  use 
wrong  standards  by  shift  in  the  spectrum. 

I  finally  succeeded  in  obtaining  practically  the  same  results  as 
with  the  diffraction  color  meter,  without  material  alteration  of 
size,  general  appearance,  method  of  application  or  facility  of  ad- 
justments, and  with  the  further  advantage  that  a  much  wider  eye 
slit  is  used  and  the  light  is  of  exactly  the  same  color  at  both  edges 
of  it. 

Although  this  instrument  differs  very  materially  from  its  pre- 
decessor, it  will  be  seen  later  that  it  represents  a  further  evolu- 
tion of  the  same  idea.  The  two  most  novel  elements  in  this  device 
are,  (i)  a  nearly  juxtaposed  set  of  three  rectangular  color 
screens  which  transmit  respectively  and  exclusively  the  spectrum 
rays  A  to  C  1/4  D  (fundamentally  pure  red)  a  remarkably  nar- 
row and  well  defined  band  in  the  green  with  maximum  at  b  (wave 
length  517)  and  from  F  1/2  G  to  H  (blue  violet),  and  (2)  a  re- 
volving wheel  of  convex  lenses  which  optically  mixes  these  colors 
to  the  eye,  in  the  field  of  the  instrument.  For  comparison  pur- 
poses, a  laterally  placed  clear  aperture  is  provided,  transmitting 
light  which  is  bent  into  the  axis  over  one  half  of  the  field  by  a 
wedge  prism  and  spread  across  it  by  the  optical  mixing  wheel  in 
the  same  manner  as  the  three  colors. 

It  would  have  been  impossible  to  produce  a  satisfactory  device 
of  this  character  but  for  the  discovery,  as  the  result  of  much  ex- 
periment directed  to  that  end,  of  means  for  producing  a  perma- 
nent green  color  screen  transmitting  very  freely  but  exclusively 
the  spectrum  rays  of  a  narrow  band  over  h  in  the  spectrum.  The 
purest  green  glasses  transmit  a  diffuse  band  of  spectrum  green 
\'ery  many  times  too  wide,  and  therefore  far  too  impure  to  com- 
pete with  the  narrow  band  taken  from  the  spectrum  in  the  Max- 
well color  box  or  the  diffraction  color  meter.  The  green  of  this 
new  screen  is  of  such  definite  hue  and  purity  that  it  serves  the 
purpose  practically  as  well  as  a  sharp  band  taken  out  of  the  pure 
spectrum  by  prism  or  grating.  It  is  also  a  permanent  coior 
screen,  showing  no  trace  of  change  after  long  exposure  to  sum- 
mer sunlight,  and  the  color  is  not  changeable  by  adjustment,  like 
the  changes  which  would  result  from  any  accidental  shift  in  1 
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spectroscopic  device.  Of  course,  the  red  and  l)lue  screens  also 
possess  these  merits,  but  their  pro(kiction  in  my  liands  iuNolved  no 
extended  experiment  or  special  difficulty. 

Maxwell  measured  the  colors  of  the  prismatic  spectrum  in 
terms  of  red  at  C.  1/4  D,  the  green  at  E,  and  the  blue  at  F  1/2 
G.  Later  authorities  have  generally  chosen  a  green  at  b,  or  even 
a  little  further  towards  F,  and  in  some  cases  a  blue  also  nearer  the 
F  than  Maxwell's.  The  green  at  E  will  not  mi.x  with  the  blue  at 
F  1/2  G  to  absolutely  match  the  spectrum  at  F,  and  the  green  at  b 
will  not  mix  with  the  red  to  absolutely  match  the  spectrum  at  D. 
It  is  necessary,  in  both  cases,  to  add  a  trace  of  white  to  the  pure 
spectrum  color  in  order  to  match  it  with  the  mixture.  The  green 
at  b  will  give  better  average  values  throughout  the  spectrum  than 
the  green  at  E,  and  a  blue  nearer  to  G  is  necessary  to  match  pur- 
ples consisting  of  fundamentally  pure  red  mixed  with  spectrum 
indigo-violet. 

The  colors  which  I  have  adopted  have  as  nearly  as  possible  th? 
hue  values  of  the  spectrum  at  C,  b  and  G,  and  that  this  triad  is  the 
best  obtainable  for  a  color  meter  to  measure  up  all  such  colors  as 
are  to  be  met  with  in  the  arts  and  industries  is  absolutely  proved 
by  experiment  on  such  colors. 

A  Maxwell  color  box,  using  Maxwell's  primaries,  failed  on 
deep  aniline  violets  which  the  screen  color  meter  would  match, 
and  by  reason  of  the  yellower  hue  of  Maxwell's  green,  it  was  no 
l)etter  for  peacock  blues  than  the  screen  meter ;  both  would  match 
all  such  peacock  blues  as  are  to  be  found  in  the  arts  and  industries, 
with  a  difference  only  of  percentage  readings.  Orange  hues  con- 
taining no  trace  of  white  cannot  be  exactly  matched  by  mixing  the 
b  screen  green  with  the  red,  but  the  purest  of  such  colors  in  fali- 
rics,  etc.,  reflect  enough  white  light  superficially  to  make  a  perfect 
match  possible. 

By  means  of  this  color  meter,  every  color  to  be  found  in  the 
arts  and  industries  can  be  quickly  and  accurately  matched,  meas- 
ured in  terms  of  three  detinite  spectrum  hues,  recorded  by  three 
numbers,  and  reproduced  for  observation  or  matching  at  any 
time  by  simply  setting  the  instrument  to  the  recorded  number  and 
directing  it  to  a  background  of  standard  white.  It  is  not  even 
necessary  to  introduce  the  letters  R,  G,  B  in  the  record,  since  It 
the  numbers  be  given  in  the  same  order,  the  first  is  always  to  be 
taken  as  red.  and  the  last  as  blue. 
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PHOSPHATE    ROCK    IN    THE   WEST. 

The  discovery  of  important  phosphate  deposits  over  a  considerable 
area  in  southeastern  Idaho,  southwestern  Wyoming,  and  northeastern 
Utah  has  opened  up  a  new  industry  in  the  West.  The  future  of  the  indus- 
try is,  however,  shrouded  in  uncertainty  as  it  is  largely  dependent  on  the 
granting  of  such  rates  by  the  railroads  as  will  enable  the  manufactured 
product  or  raw  material  to  be  sold  at  a  profit  in  Australia,  Honolulu,  Japan, 
and  the  Middle  States,  the  home  market  on  the  Pacific  Coast  not  being  at 
present  extensive  enough  to  warrant  large  development.  This  phase  of 
the  subject  is  recognized  by  Messrs.  F.  B.  Weeks  and  W.  F.  Ferrier  of  the 
United  States  Geological  Survey,  who  have  investigated  these  deposits  and 
prepared  an  article  about  them  for  the  Survey's  forthcoming  annual  volume, 
"Contributions  to  Economic  Geology,  1906." 

Prospecting  has  been  carried  on  at  a  number  of  widely-separated  locali- 
ties. The  strike  of  the  beds  follows  the  general  northwest-southeast  trend 
of  the  ranges  along  which  they  outcrop.  In  Idaho  the  beds  outcrop  along 
the  Preuss  Range,  extending  from  the  line  of  Bannock  and  Bear  Lake 
counties  in  a  southeasterly  direction  along  its  west  face.  A  probable 
southern  extension  of  these  beds  near  the  Idaho-Utah  line  is  found  on  the 
plateau  east  of  the  Bear  Lake,  where  the  overlap  of  upper  Mesozoic  sedi- 
ments has  been  eroded.  East  of  the  Preuss  Range,  in  the  Sublette  Range, 
in  Wyoming,  are  similar  beds  which  follow  the  southerly  trend  of  this 
range  to  Smiths  Fork.  The  deposits  are  found  in  oolitic  beds  of  the  upper 
Carboniferous  rocks  and  contain  a  variable  percentage  of  PzOo. 

This  general  region  is  drained  by  Bear  River  and  its  tributaries.  The 
Oregon  Short  Line  Railroad  follows  the  valley  of  the  Bear  River  and  af- 
fords the  only  means  of  transportation  to  market.  At  present  those  beds 
which  can  be  developed  at  the  least  cost  and  which  lie  nearer  the  railroad 
shipping  points  are  worked.  In  Utah  the  phosphate  series  has  been  found 
some  distance  south  of  Bear  Lake,  in  the  vicinity  of  Woodruflf.  The  beds 
also  outcrop  in  Weber  Canyon,  about  1%  miles  below  Croydon,  and  in 
some  of  the  side  canyons.  None  of  these  beds  are  at  present  worked. 
The  Union  Pacific  Railroad,  which  follows  the  course  of  Weber  River,  will 
make  possible  a  rapid  development  in  this  region. 

Beds  of  good  grade,  but  too  thin  to  be  profitably  worked,  have  been 
observed  at  other  points  in  these  States  and  also  in  Nevada.  It  is  highly 
probable  that  further  exploration  will  show  that  these  oolitic  phosphate 
beds  have  still  wider  distribution. 

The  phosphate  series  consists  of  alternating  layers  of  black  or  brown 
phosphate  material,  shale,  and  hard  blue  or  gray  compact  limestone.  The 
limestones  are  in  the  imain  very  fossiliferous.  The  phosphate  series  is  in 
places  about  ninety  feet  thick.  The  beds  vary  in  thickness  from  a  few 
inches  to  ahout  ten  feet,  but  wherever  they  are  of  this  extreme  width  they 
are  broken  by  thin  layers  of  shaly  material  poorer  in  P20ii.  The  main 
phosphate  bed  is  from  five  to  six  feet  thick,  and  is  almost  entirely  oolitic  in 
structure  and  high  in  P2O5.  All  the  sections  that  have  been  examined 
show  one,  and  some  of  them  two  beds  which  are  of  commercial  value. 
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Mechanical  and  Engineering  Section. 

(S fated  iiurfiiii^  held  Thursday,  October  ^ist,   IQOJ.) 


The  Pitometer. 

By   Edwakd   S.    Cole. 


Modern  methods  of  economy  have  made  their  way  into  our  con- 
servati^■e  city  water  departments,  and  a  desire  to  know  what  be- 
comes of  a  costly  water  supply  in  its  dark  and  liicklen  path  from 
source  to  consumer  has  been  arouseck  so  that  a  full  accounting  is 
now  expected  of  the  distribution  engineer  as  well  as  of  the  otihcial 
who  collects  the  water  rents. 

In  attempting  to  account  for  his  product  the  water  works  man 
has  always  been  at  a  disadvantage  because  several  feet  of  earth 
and  costly  paving  co\er  the  hea\\'  iron  |)ipes  in  which  a  water 
supply  is  distributed.  To  dig  dcnvn  and  "cut  in"  one  of  the  older 
tyi)es  of  meters  is  a  \erv  costly  and  difficult  undertaking,  so  much 
so  that  important  information  lias  lain  buried  within  these  mains 
and  much  loss  of  re\enue  and  of  outlay  has  resulted. 

Simj)le  and  portable  means  for  recording  the  flow  in  jjijjcs  have 
been  .sorely  needed  to  check  the  underground  losses  and  waste 
wiiich  have  grown  to  alarming  pro])ortions  in  nearly  all  American 
cities,  and  it  has  been  because  of  this  lack  of  means  that  our  dis- 
tribution systems,  whicli  arc  the  most  costly  and  vital  part  of  a' 
water  works  plant,  consisting  as  they  do  of  a  vast  gridiron  of 
cast-iron  mains,  aggregating  hundreds  of  miles  and  costing 
millions  of  dollars  in  any  large  city,  have  received  less  scientific 
attention  than  the  more  c(Mispicuous  features  of  a  water  works 
property.  Thus  while  filtration  has  benefitted  by  the  wonderful 
development  of  recent  sanitary  science,  and  a  century  of  steam 
engineering  has  produced  at  last  the  high  duty  pumping  engine, 
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but  comparatively  little  has  been  done  to  improve  the  equally  im- 
portant pipe  system  by  which  water  is  distributed. 

For  the  same  cause  costly  extensions  of  mains  have  been  left 
largely  to  guess-work,  and  much  money  thus  thrown  away  for 
lack  of  the  data  on  which  their  proper  design  depends. 

Now,  by  use  of  the  portable  pitometer,  measurements  may  be 
had  at  any  point  on  such  a  system  by  simply  making  a  tap  and 
placing  a  one-inch  service  cock  in  the  main,  and  such  measure- 
ments may  be  repeated  as  often  as  desired  at  any  time,  by  day  or 
night,  in  winter  or  summer. 


The  Photo-Pitometer. 


The  development  of  the  pitometer  was  taken  up  by  the  writer 
in  1895,  under  the  direction  of  John  A.  Cole,  C.E.,  in  the  hope 
of  making  use  of  the  Pitot  tube  as  a  waste-meter  at  Terre  Haute, 
Indiana,  where  an  extensive  examination  of  water  consumption 
was  being  carried  on.  After  much  costly  experimenting,  sug- 
gested by  a  crude  sketch  contained  in  Prof.  R.  C.  Carpenter's 
^'Experimental  Engineering,"  the  instrument  proved  to  be  accur- 
ate and  efficient,  and  since  the  addition  of  a  photo-recorder,  has 
been  adopted  on  important  tests  in  many  of  our  largest  cities. 
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Its  fundamental  principle  was  discovered  by  the  I'^rench  engineer, 
Pitot,  about  the  year  1732,  and  later  improved  by  D'Arcy  for  use 
in  open  channels,  but  the  application  to  water-mains  under  press- 
ure was  develoi)ed  only  during  recent  years.     The  photo-record - 
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ing  pitometer  may  now,  however,  be  classed  among  our  most  use- 
ful and  accurate  engineering  instruments. 

Prior  to  1895,  when  my  work  began,  there  seemed  to  be  very 
little  published  data  available  to  guide  an  investigator  in  this  line. 
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It  afterward  appeared  tliat  ])()th  Mr.  John  R.  Freeman,  at  Law- 
rence, Mass.,  and  the  late  Henry  Fladd,  at  St.  Louis,  had  worked 
(jiiite  siiccessfnlly  toward  a  development  of  the  Pitot  tube  in  this 
direction.  More  recent  contributions  by  Williams.  Hubbel  and 
Fenkel  at  Detnjit ;  and  (ireg-ory  and  White,  at  Tulane  L'niversitv, 
have  been  made. 

The  i)itometer  is  primarily  a  rate  meter,  depending  as  it 
does  upon  the  velocity  of  the  water  within  the  main.  It  does  not 
directly  indicate  the  total  discharge  in  cubic  feet  in  a  given  time, 
as  do  ordinary  meters,  but  this  elimination  of  the  time  element 
pro\  es  to  be  valuable  in  a  waste  meter,  for  by  the  changes  in  rate 
we  are  able  to  study  the  effect  of  closing  valves  and  service  cocks 
in  an  investigation  of  underground  systems. 

The  instrument  consists  of  two  small  tubes  bent  at  their  lower 
ends,  with  carefully  formed  orifices,  held  in  a  suitable  cap,  which 
screws  upon  a  standard  i"  corporation  cock,  through  which  the 
tubes  may  readily  be  introduced  into  any  main  and  as  easily  w'ith- 
drawn.  The  rod  meter  is  the  most  recent  development  of  the 
instrument  by  which  the  slender  tubes  are  enclosed  in  an  oval 
sheath  which  enables  the  meter  to  be  introduced  into  the  main 
from  the  surface  of  a  city  street  through  a  "street  connectit^n" 
W'hich  is  permanently  set  upon  the  main.  Wherever  street  con- 
nections are  placed  they  are  always  available  for  use,  and  through 
them  by  means  of  the  portable  rod  meter  the  flow  in  the  main  can 
at  any  time  be  ascertained. 

Heavy  cloth  insertion  rubber  tubing  connects  the  (orifice  tubes 
with  a  long:  glass  manometer,  or  U-tube,  and  blow-off  cocks  arc 
provided  to  remove  air  from  the  instrument.  The  L'-tube  is  half 
filled  with  a  mixture  of  carbon  tetrachloride  and  gasoline,  having 
a  specific  gravity  of  1.25,  and  when  in  use  the  water  from  the  pipe 
fills  all  the  remaining  space  in  the  L'-tube  and  connections.  The 
deflection,  by  virtue  of  the  differential  action  of  the  water  and  the 
slightly  heavier  insoluble  liquid,  is  just  four  times  that  due  to  the 
actual  difference  of  water  head  on  the  orifices  produced  by  the 
flowing  stream.  The  current  impinges  directly  on  one  orifice,  but 
the  other  is  turned  down  stream,  and  gives  something  less  than 
the  static  head  Avithin  the  main,  thus  increasing  the  difference  of 
pressure  produced.  This  difference  is  then  multiplied  in  the 
L'-tube,  the  result  being  that  even  a  low  velocity  within  the  pip'^ 
produces  a  readable  deflection.     A\'ithout  this  effect  the  simj)le 
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I'itot  tube  would  liaidly  indicate  a  \elocit}'  less  than  one  tout  pe." 
second,  while  the  pitometer  is  reliahle  at  velocities  as  low  as  six 
inches  per  second.  At  ordinary  velocities  the  U-tube  deflections 
may  run  up  to  twenty- tour  inches,  and  therefore  need  not  be  read 
with  any  gieat  nicetw 

The  ])hi>to-recorder  consists  of  a  ])ortal)Ie  box  in  which  a  drum 


slret't  ooniicclioti 


carrying  \  elox  or  .\zo  paper  re\()lves  betore  a  tine  \ertical  silt 
iust  in  front  of  which  is  locked  one  le^-  of  the  U-tube  in  such  a 
position  that  the  rays  of  lig^bt  from  an  oil  lamp  will  be  partly  in- 
tercepted (»n  their  way  through  the  colored  liquid  in  the  lower 
half  on  the  manometer.  .\s  the  li(iui(l  ri.ses  and  falls  with  the 
\elocitv  in  the  pipe,  it  will  record  on  the  sensiti;^ed  paper  a  line  or 


S 
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band  of  shade  whose  onhnates  vary  according  to  the  well-known 
formula : 

V  =  c  \/2gh, 

in  which  h  is  one-quarter  of  the  L'-tube  deflection  in  feet,  or  half 
of  the  recorded  ordinate  nn  the  paper.  A  twelve-hour  photo- 
graphic record  is  18  inches  long  and  10  inches  high.  Autographic 
horizontal  lines  are  formed  by  notches  in  the  drum  slit,  spaced  so 
as  to  correct  for  the  angularity  of  the  light  and  enable  the  true  de- 
flection to  be  readily  taken  from  the  diagram  at  any  point. 

An  autographic  record  or  variation  in  static  pressure  is  super- 
imposed upon  the  How  diagram  by  means  of  a  suitably  connected 
gauge  and  movable  finger,  which  intercepts  the  light  passing 
through  the  U-tube  and  slot.  This  pressure  record  is  of  great 
value  in  the  interpretation  of  any  sudden  change  in  the  rate  of 
flow,  for  by  its  aid  we  may  decide  whether  the  observed  variation 
is  caused  by  a  corresponding  difference  in  pump  pressure,  as  in 
"direct  systems,"  or  by  the  change  in  rate  of  draught  within  the 
district  under  investigation.  Thus  the  detection  of  waste  is  facil- 
itated. 

The  accuracy  of  the  pitometer  has  been  established  by  many 
weir  tests,  and  also  by  calibration  in  open  channels,  where  the 
absolute  velocities  indicated  by  the  instrument  are  compared  with 
float  measurements. 

The  calibration  constant  c  of  the  orifices  has  thus  been  experi- 
mentally determined  to  be  .80  in  our  formula. 

2    ""d 
We  have,  then,  V  —  -  .8  -vl      *^     —  3.212    i^  cl, 

in  which  </  is  the  U-luhe  deflection  in  feet.  The  actual  velocity 
of  the  water  is  indicated  in  this  way  wherever  the  orifices  may  be 
placed  within  a  pipe,  and  by  completely  "traversing"  a  given  pipe 
section  on  two  diameters,  we  ma}'  readily  integrate  the  flow  by 
the  "ring  method."  compute  the  mean  velocity,  and  find  its  ratio 
to  the  maxinuim  at  some  one  rate  of  flow. 

This  ratio  once  determined  for  a  given  pipe  holds  good  at  all 
velocities.  The  orifices  are  then  permanently  set  to  give  the 
center  or  maximum  velocity  within  the  pipe,  reading  oflf  the  mean 
voliH-ity  and  the  dischargo   from  a  tal)1o  prepared   fi>r  tlie  par- 
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ticular  size  of  pipe  and  \elocity  ratio.  This  method  leaves  noth- 
ing- uncertain.  The  mean  velocity  computed  from  a  traverse  of 
a  pipe  with  the  pitometer  has  been  checked  by  careful  weir  meas- 
urement of  the  flow  in  pipes  from  four  inches  to  seventy-two 
inches  in  diameter,  indicating  that  with  careful  use  the  discharge 
in  pipes  may  l)e  determined  by  the  pitometer  within  two  or  three 
per  cent,  of  the  truth,  an  accuracy  which  is  highly  satisfactory  for 
the  solution  of  practical  h^'draulic  pro1)lems. 

Such  ])eing  the  nature  and  form  of  the  instrument  itself,  it 
remains  to  consider  its  practical  utility  and  the  several  ways  in 
which  it  lias  been  applied  to  the  problems  which  are  presented  by 
a  modern  water  works  plant  in  a  rapidly  growing  city. 

These  naturally  fall  under  two  leading  lines  of  investigation, 
eacli  of  which  is  of  incalculable  commercial  importance,  and  in 
each  of  which  the  pitometer  affords  unique  and  economical  meth- 
ods. These  are,  first,  the  survey  of  underground  pipe  systems 
for  the  purpose  of  locating  all  uses  and  waste  of  water,  incident- 
ally ascertaining  the  condition  of  water  mains,  stop  valves,  and 
house  services ;  and  second,  the  supervision  of  pumps  by  means  of 
which  any  loss  of  action  or  imperfection  in  work  is  revealed. 

It  is  well  to  remember  that  water  delivered  under  pressure 
through  pipes  is  by  no  means  a  cheap  product,  and  a  few  figures 
may  help  us  to  bear  this  in  mind. 

The  actual  cost  of  supplying  one  million  gallons  of  water  in 
many  of  our  American  works  varies  widely  from  about  $20.00 
in  some  of  our  large  cities  to  $300.00  or  more  in  the  case  of  some 
small  plants.  The  average  for  twenty-two  cities  of  moderate  size 
reported  to  the  New  England  \\^ater  Works  Association  for  1904, 
was  about  $92.00  per  million  gallons  for  operating  expenses  and 
interest  on  bonds.  In  Chicago,  where  there  is  no  filtration,  the 
cost  of  water  has  been  estimated  at  $19.00  per  million  gallons  ow 
the  same  basis.  There,  for  example,  the  distribution  system  has 
tw-o  thousand  miles  of  mains  from  four  to  forty-eight  inches  in 
diameter,  valued  at  $16,000,000.  or  one  half  the  cost  of  the  wdiole 
Chicago  water  works  system,  which  is  placed  at  $32,000,000. 

With  the  growing  demand  for  pure  water  supplies,  involving 
vast  expenditures  for  filtration  works,  the  cost  of  w^ater  is  increas- 
ing. For  example,  the  city  of  Philadelphia  is  completing  filters 
to  cost  over  $30,000,000.  and  the  necessity  of  reducing  waste  here 
is  obvious. 
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Waste  of  water  is  really  the  j^^reat  evil  in  our  American  water 
Avorks  systems,  and  its  effect  upon  city  finances  is  twofold:  First, 
in  the  desperate  attempt  to  fill  the  "sieve."  which  our  leaky  sys- 
tems resemble,  large  api)ropriati(jns  are  needed  year  by  year  to 
increase  the  jnimping  capacity;  and  second,  the  pipe  system  needs 
continual  re-enforcement  to  enable  it  to  maintain  adequate  fire 
service  o\er  and  ab(jve  the  useless  Ujsses  which  drain  its  capacity. 

Broadly  speaking,  waste  is  not  the  generous,  or  even  lavish  use 
of  water  by  consumers,  but  is  rather  the  willful  and  careless  mis- 
use, by  which  streams  run  continually  from  faulty  house  fixtures 
and  from  leaky  underground  pipes.  Water  works  losses  include 
also  the  \ery  serious  iiroblem  of  illegal  use  of  water  l)v  large- 
meter  consumers,  through  "by-passes,"  which  rob  the  city  of 
much  needed  revenue.  L'seless  waste  may  amount  to  half  the 
total  supply  of  a  cit)'.  or  even  more,  h'or  example,  in  his  report 
on  water  measurements.  Mr.  Dexter  Brackett,  C.E..  concludes 
that  half  the  total  supply  of  the  Metropolitan  District  is  wasted 
and  obviously  a  waste  of  one-half  is  a  serious  matter. 

In  a  water  waste  investigation  a  city  is  divided  into  large  dis- 
tricts, closing  all  the  main  gates  but  one.  placing  a  recording 
])itometer  on  the  inlet  to  the  district,  and  keeping  a  record  of  the 
inflow.  This  total  use  in  connection  with  the  district  population 
and  the  amount  registered  by  the  private  meters  will  give  a  good 
idea  of  the  wastefulness  of  the  section,  taken  as  a  whole,  the  rate 
of  night  use  being  most  significant.  In  case  the  district  shows  a 
reasonable  rate  it  may  be  passed  by.  thereby  saving  the  expense 
and  trouble  of  house  to  house  inspection. 

If.  on  the  other  hand,  an  excessive  consum|)ti(jn  ])er  capita  is  in- 
dicated, the  next  step  is  to  analyze  the  supply  by  streets,  using  the 
pitometer  to  record  the  "drop"  in  flow  as  valves  are  closed  one 
after  another.  All  streets  do  not  waste  water  at  the  same  rate 
])er  tap.  and  for  this  reason  it  is  easier  to  pick  out  an  unusual  flow. 
When  the  night  waste  has  been  localized  within  a  few  blocks  this 
smaller  section  is  enclose<l  by  itself  and  supplied  through  its  own 
waste  meter. 

Then,  if  necessary,  the  curl)  cocks  are  closed  one  after  another 
at  night,  the  waste  meter  at  the  same  time  continuously  recording 
ihe  rate  of  flow,  so  that  when  a  house  is  reached  which  has  a 
leaky  service  pipe  or  fixture  the  pitometer  on  the  main,  on  closing 
the  main  cock,  will  record  a  '"drop."  which  is  the  rate  of  waste. 
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Ill  this  way  a  record  showing  the  coiKhtion  of  every  house  on  the 
street  is  obtained  and  waste  is  located,  which  can  further  be  defin- 
ed by  house  to  house  inspections.  The  waste  meter  record  not 
only  locates  the  loss  on  certain  premises,  but  measures  it. 

This  American  method  by  the  use  of  the  pitometer  is  the  de- 
velopment of  the  long-established  Deacon  system,  wdiich,  although 
still  very  much  depended  upon  in  England,  has  not  proved  popu- 
lar in  this  country,  although  for  several  years  it  was  used  i» 
Boston  with  success. 

Every  large  city  should  organize  its  own  permanent  depart- 


A  portable '-Shelter  box"  iu  use  at  Fairmount  I'ark,  Pliila'lelpiiia. 


ment  of  the  systematic  detection  of  waste  according  to  some 
such  plan  as  has  been  outlined,  and  in  Washington,  D.  C.  Pitts- 
burg, and  Chicago  this  has  been  done. 

The  work  calls  for  the  intelligent  and  skilful  supervision  of  an 
engineer,  and  must  be  persistently  followed  up  for  years  if  need 
l)e,  to  secure  the  final  results.  The  time  required  to  traverse  a 
square  mile  depends  on  the  number  of  waste  meters  employed, 
and  upon  the  physical  condition  of  the  pipe  system.  Several  dis- 
tricts may  be  inspected  at  one  time  under  the  direction  of  one 
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competent  head.  Experience  has  amply  proved  the  ^"ahle  of  such 
work  for  its  results  are  felt  at  once,  and  the  cost  may  be  repaid 
out  of  savings  as  the  inxestigation  proceeds. 

The  increase  of  income  and  the  saving  of  expenditure  for  new 
pumps  and  mains  will  net  millions  of  dollars  to  taxpayers.  Puri- 
fication works  which  will  sooner  or  later  be  demanded  in  many  «:)f 
our  leading  cities,  can  be  built  from  funds  so  saved  without  be- 
coming a  burden.  Waste  prevention  and  mater  purification  are 
now  the  order  of  the  day,  and  they  ought  to  go  hand  in  hand. 
In  New  York  City  a  recent  report  by  Mr.  James  H.  Fuertes, 
C.E.,  places  the  waste  and  unaccounted  for  loss  at  43 '/f  of  the 
total  supply.  In  Chicago  the  probable  waste  is  estimated  at  over 
50%  of  the  pumpage.  and  costly  extensions  will  be  needed  con- 
tinually for  tunnels  and  pumping  plants  alone  if  the  present 
wasteful  conditions  go  on,  whereas,  if  means  are  taken  to  control 
these  losses,  this  great  outlay  may  be  avoided,  and  a  still  greater 
saving  made  in  extensions  to  the  distribution  system;  for  this 
doubling  of  the  consumption  through  waste  increases  the  loss  of 
pressure  by  friction  threefold.  The  great  cost  of  re-enforcing 
Chicago's  $16,000,000  pipe  system  does  not  need  to  be  enlarged 
upon, but  it  illustrates  the  importance  of  effective  waste  restriction 
in  our  cities. 

When  in  our  search  f<»r  waste  we  analyze  the  daily  cunsump- 
tion  of  cities  or  of  districts  we  meet  the  difficult  (piestion  as 
to  what  is  a  fair  and  reasonable  supply,  but,  strictly  speaking, 
there  can  be  no  such  thing  as  a  standard  per  capita  consumption 
by  which  cities  my  be  compared  one  with  another.  Much  of  the 
controversy  regarding  an  adequate  water  supply  arises  from 
lack  of  knowledge  of  special  requirements.  For  instance, 
it  is  folly  to  comjjare  statistics  of  total  per  capita  con- 
sumj)tion  without  first  separating  trade  and  public  uses  from 
ordinary  domestic  demands.  Then  again  the  population  per  mile 
of  main,  the  amount  t)f  lawn  sprinklng  per  caj)ita.  and.  above  all. 
the  relative  luxiuw  and  personal  habits  of  the  several  classes  con- 
stituting the  |)opulation  of  a  city  must  be  considered. 

As  an  illustration,  tlie  city  of  I'.uffalo.  with  a  total  use  per  capitir 
of  over  three  hundrecj  gallt)ns.  has  a  metered  consumption  foi 
trade  i)urposes  alone  of  forty-six  gallons  per  capita,  more  than 
the  entire  supply  of  ball  l\i\er.      ICvidently  such  statistics  should 
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not  be  coniparc'l  when  cities  ma\'  differ  so  A\i(lel\-  in  the  trade  use 
of  water. 

There  is.  howexer,  ample  opportunity  for  a  study  of  definite 
and  carefully  classified  uses,  such  as  that  made  for  the  Metropoli- 
tan Water  District  (Boston)  by  Mr.  Dexter  Brackett,  C.E.,  in 
which  he  found  1)\-  actual  measurement: 

Domestic    use 25. o  gallons  i)er  capita  daily. 

Alanufacturing  and  trade  use.  .23.5        " 

7 


a  a 


Public  u.se 7.0       "         "        "       " 


T     ,-,,1 u  a  a  a 

or  less  than  sixty  gallons  daily  for  each  man.  woman  and  child. 
Whereas  the  Metropolitan  District  actuall}'  received  about  122 
gallons  per  capita  daily. 

In  other  cities  Ave  ha\"e  a  reported  total  consumption  per  capita 
ranging  from  that  in 

Buffalo    o\er  300 

Pittsburg  and  Philadelphia o\-er  200 

Xew  York,  Chicago,  St.  Louis  and  Boston,  from  130  to  160 
Providence,  \\'orcester.  Fall  River  and  Milwaukee  40  to    80 

Abroad  one  finds  such  cities  as  London,  Li\erpool,  Manchester, 
Glasgow,  etc.,  reporting  from  thirty  to  sixty  gallons.  But  there 
we  find  a  policy  of  waste  restriction  has  been  highly  developed. 

In  this  wide  range  of  supply  to  American  cities  the  reported 
figures  are  liable  to  be  in  error  from  an  unsuspected  slippage  in 
the  pumps.  One  of  the  first  discoveries  to  the  credit  of  the 
]3itometer  was  in  a  city  of  about  125,000  population,  wdiich  had 
been  reporting  },}y'^/c  more  water  than  was  actually  leaving  the 
pumps,  and  since  that  illuminating  experience,  pitometer  tests 
show  that  leaky  pumps  are  the  rule  rather  than  the  exception, 
with  losses  from  25 5^  to  50%  by  no  means  unheard  of  even  in 
engines  of  the  highest  type  and  largest  size.  For  example  tests 
made  last  }ear  in  Philadelphia  for  Major  Cassius  E.  Gillette,  then 
Chief  Engineer  of  the  Filtration  Bureau,  revealed  an  average  loss 
from  all  the  pumps  of  about  25%,  which  should  of  course  be  de- 
ducted from  the  per  capita  consumption  as  ordinarily  reported 
for  that  city. 

A  wide  variation  in  per  capita  consumption  is  due,  as  has  been 
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sli(t\vn,  to  trade  use.  which  will  \ary  as  cities  are  nv  nv  or  less 
devoted  to  niamifacture. 

t'liblic  uses,  while  Init  a  couiparatively  small  part  <>i  the  total 
consumption,  include  the  supply  to  public  buildings,  schools  and 
hcjspitals.  Street  sprinkling,  sewer  flushing,  and  fire  extinguish- 
ing call  for  attention  when  reducing  the  supi)h-  to  a  per  capita 
standard. 

Domestic  consumption  \aries.  as  alreadv  stated,  according  to 
the  habits  of  the  i)eople.  and  upon  this  point  we  are  able  to  form 
a  fairly  well-based  opinion  as  to  what  constitutes  a  reasonable 
allowance,  l-'or  example,  in  Worcester,  Mass..  the  total  domestic 
use  per  capita,  as  show-n  by  meter,  is  only  16.8  gallons,  varying 
from  twelve  gallons  in  the  cheaper  houses  to  twentv-three  gal- 
lons in  the  best  residence  streets. 

We  should  remember  that  such  figures  are  for  actual  house 
re(|uirements  by  meter  measurements,  and  take  no  account  of 
waste  in  the  service  pipe  beyond  the  meter  or  in  the  street  mains. 

\w  examination  of  the  hourly  records  of  pumpage  in  cities  is 
convincing  as  to  the  existence  of  waste.  The  notable  feature  of 
such  records  is  that  the  rate  is  usuall\-  high,  even  at  the  dead  of 
night. 

While  we  cannot  judge  of  the  relative  wastefulness  in  vari<ius 
cities  by  a  comparison  of  the  per  capita  consumption,  we  find  in 
reviewing  statistics  that  the  use  of  meters  is  attended  w'ith  a  re- 
duction of  waste.  An  interesting  diagram  first  prepared  by  Mr. 
John  I\.  I'reeman.  gives  the  use  per  capita  of  many  cities  and  the 
percentage  of  taps  metered  in  each.  Xo  better  argument  for  the 
judicious  use  of  meters  should  be  needed.  The  efi^ect  of  placing 
meters  on  alx)ut  40 Vr  of  the  consumers,  including  the  largest, 
seems  to  indicate  that  a  further  addition  of  meters  does  not  yield 
a  propctrtionate  saving.  I^vidently  losses  beyond  the  reach  of 
house  meters  come  in  at  about  this  point,  and  p»)int  to  the  need 
of  special  waste  in\estigation.  The  introduction  of  a  meter  sys- 
tem should,  therefore,  be  supplemented  by  tests  for  restricting 
losses  in  street  mains  and  services. 

J.eaks  beyond  the  reach  of  the  house  meter  are  undoubtedly 
larger  than  supposed,  as  exidenced  by  recent  tests  and  meter 
comparisons. 

In  a  number  of  cities  ha\  ing  practically  e\erv  tap  metered, 
there  is  a  discrepancv  of  from  ^^o''^    to  30' f    between  the  total 
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IFFECT  OF  THE  USE  OF  METERS 

upon  The 
Consumption  of  water  in  various  ci^es 

Quantity  shown  in  gallons  per  inhabitant  per  day 

Showing  also  the   effect  of  meters  m  restraining 
the  natural  increase  of  consumption  m  recent  years 
Jr\e  curve  ABC  is  not  an  e/act  average  but  is 
drawn  as  summing  up  the  general  tendency 
and  as  a  convenient  guide  to  the  eye  m 
studying  the  cojnparative  effect  of  various 
percentages  of  meters  m  the  different  cities 

Obviously  the  first  5  or  10  percent  of  meters 

if  judiciously  applied  to  the  worst  cases  of 

suspected   waste  .  effect  a  much  larger 

saving  than  any   further  equal 

number    of    meters 

Compiled,  by  J  R. Freeman  C.E. 


Percent  of  taps  metered 
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puinpage  and  the  total  meter  registration.  This  unmistakable  loss 
often  remains  after  allowing  for  unmetered  public  uses,  fires,  and 
for  slip  pumps.  Leaky,  broken,  and  abandoned  service  pipes  arc 
responsible  for  much  waste,  which,  because  of  a  porous  soil,  may 
not  give  warning  at  the  surface. 

Electrolysis  has  often  been  the  cause  of  deterioration  of  city 
mains  and  services  and  should  be  carefully  studied. 

AH  of  the  reported  pumpage  does  not  reach  the  main  because 
•of  what  is  known  as  "slip,"  and  "station  use"  at  the  pumps.  It  is 
•customary  to  make  only  very  small  correction  for  this  loss  and. 
in  fact,  the  statistics  of  most  cities  are  based  upon  the  full  amount 
•of  water  displaced  by  the  pump  plungers,  the  almost  universal 
method  being  to  multiply  the  recorded  strokes  of  each  engine  by 
the  theoretical  number  of  gallons  displaced  per  stroke.  The 
■only  merit  of  this  method  lies  in  its  simplicity.  That  it  is  liable 
to  gross  error  has  been  found  on  many  occasions  when  the  actual 
discharge  from  a  pump  has  been  measured  and  compared  with 
the  counter  record. 

This  loss  should  always  be  determined  and  deducted  from  the 
reported  supply  to  a  city,  for  evidently  slip  at  the  pumps  is  not 
•only  misleading,  but  requires  the  same  engine  capacity,  steam, 
and  fuel  as  though  the  full  plunger  displacement  were  dis- 
charged into  the  mains. 

DISCLSSION. 

rKOFKssoK  l^.xsBV. — Plcasc  explain  more  fully  how  you  \\> 
sure  accuracy  by  your  method  of  gauging  the  flow  in  a  pipe. 

Mr.  Cole. — In  the  first  i)lace,  the  absolute  velocity  at  the  or- 
ifices as  indicated  by  the  corresponding  U-tube  deflection  has  beei: 
carefully  calibrated  in  a  long  open  trough  by  means  of  loaded 
lloats  made  to  run  over  a  measured  course.  These  floats  were 
limed  by  electrical  contact  made  automatically  at  each  end  of  the 
measured  course  and  recorded  by  chronograph.  In  our  experi- 
ments the  trough  was  of  wrought-iron,  in  the  form  of  an  open 
semi-circular  conduit  forty  feet  in  length.  The  measured  course 
was  laid  out  some  distance  below  the  head  of  the  trough  at  a 
l)oint  where  the  deptli  of  flow  seemed  to  be  uniform.  The  whole 
aft'air  was  hung  from  a  supporting  I-beam  so  as  to  be  adjustable 
to  various  slopes.     Our  pitonicters  were  introduced  through  \" 
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taps  placed  vertically  beneath  the  trough,  the  orifices  rising  ta 
within  \"  of  the  water  surface. 

A  direct  comparison  between  \elocity  as  determined  by  the 
floats  and  chronograph  was  thus  made  with  the  corresponding 
U-tube  deflection  and  the  plotting  of  a  large  number  of  such  com- 
parison tests  gave  us  a  calibration  curve  which  when  compared 
with  the  theoretical  flow  gave  us  the  value  of  c  equal  to  .80  in 
our  formula  : — ■ 

V  =  c  V^gh. 

Thus  when  gauging  the  flow  in  a  pipe,  we  are  able  to  plot  the 
actual  velocity  at  various  points  in  the  cross-section  by  "travers- 
ing" two  diameters  inch  by  inch  from  side  to  side.  The  orifices 
ought  to  remain  at  each  point  long  enough  to  give  several  read- 
ings of  velocity,  the  mean  of  which  is  plotted  so  that  on  complet- 
ing the  traverse  we  have  a  curve  representing  the  distribution  of 
velocity  from  side  to  side  in  the  pipe.  Where,  as  is  often  the 
case,  the  rate  of  flow  is  not  uniform,  it  is  necessary  to  return  fre- 
quently to  the  center  of  the  pipe  to  guard  against  error  through 
a  change  of  rate.  It  is  often  convenient  to  use  two  instruments, 
allowing  one  to  remain  at  the  center,  while  the  other  is  moved 
from  point  to  point  across  the  pipe.  Observations  are  of  course 
only  taken  when  the  center  velocity  is  normal. 

The  next  step  is  to  divide  the  cross  section  of  the  pipe  into  a 
series  of  rings  and  approximately  equal  area,  multiplying  the  area 
of  each  by  the  average  velocity  for  that  ring  as  given  at  four 
points  ninety  degrees  apart  by  the  two  traverse  curves.  The 
summation  of  discharges  found  for  these  rings  is.  of  course,  the 
total  flow  in  the  pipe,  which  divided  by  the  whole  area  of  the  pipe 
gives  the  mean  velocity  and  this  in  turn  when  divided  by  the 
maximum  velocity  observed  at  or  near  the  center  of  the  pipe 
determines  what  we  call  the  ''pipe  coefficient,"  which  commonly 
varies  according  to  the  condition  and  age  of  the  pipe  from  .70 
to  .90.  This  ratio  of  mean  to  center  velocity  is  the  characteristic 
of  each  pipe  location  where  a  gauging  is  sought  and  must 
first  be  carefully  obtained.  When  once  determined,  how- 
ever, it  holds  good  at  all  velocities  at  that  particular  location, 
and  it  is  only  necessary  to  leave  the  pitometer  orifices  at  the  point 
of  maximum  velocity  in  order  to  record  the  mean  fl-ow.  which, 
for  practical  purposes,  will  always  be  a  fixed  percentage  of  the 
maximum.     A  scale    is    prepared    for    each    pipe    based    upon 


Dec,  1907.]  The  rifunu'/er.  44 1 

the  computed  coefficient.  By  means  of  this  scale  tlie  rate  of 
(h'scharge  in  milhOn  £,'-allons  per  twenty-four  hours  for  each  inch 
or  fraction  of  an  inch  of  L'-tuhe  deriectictn  may  l^e  read  ofif  from 
the  record. 

The  tinal  test  of  the  accurac}'  of  a  pitometer  gauging  rests 
upon  the  comparison  of  tl<i\v  as  determined  by  the  above  method 
with  that  given  \)\  a  standard  weir  or  measuring  tank.  A 
number  of  tests  have  been  made  with  weir  comparisons  in 
pipes  of  several  sizes  up  to  ji",  and  notably  at  the  laboratory  of 
the  Worcester  I'olytechnic  Institute,  where  a  \ery  perfect  weir 
receives  the  How  of  a  30"  pipe.  We  feel  justiiied  by  our  ex- 
perience in  claiming  an  accurac}'  of  from  two  to  three  per  cent, 
in  fairly  clean  pipes  when  the  pitometer  is  carefully  handled. 

(Question  asked  by  the  Chairman.  Mr.  Day)  : 

What  is  the  effect  of  tuberculation  upon  a  pitometer  gauging? 

Mr.  Cole. — No  attempt  is  made  to  accurately  measure  the 
flow  by  our  method  in  a  main  which  is  found  to  be  badly  cor- 
roded. Howexer.  the  \ery  process  of  traversing  the  main  as  de- 
scribed will  rexeal  the  presence  of  tuberculation.  for  its  efifect  is 
to  abnormally  diminish  the  velocity  near  the  side  of  the  pipe  and 
thereby  reduce  the  velocity  ratio.  The  net  area  may  often  be 
obtained  by  the  introduction  of  a  caliper  wdiich  enters  the  main 
in  the  same  manner  as  the  pitometer  itself  and  by  touching  the 
top  and  bottom  of  the  pipe  will  give  a  fair  idea  of  the  net  diameter 
at  that  point.  It  is  usually  quite  easy  to  find  a  suitable  point  for 
gauging  the  llow  to  any  given  district  through  a  pipe  compara- 
ti\ely  free  from  corrosion.  Ample  warning  is  given  by  the  re- 
sult of  the  preliminary  traverse,  so  that  an  error  due  to  tubercu- 
lation is  unnecessary.  In  much  district  work,  especially  where 
llow  is  obtained  by  differences  between  the  indications  of  two  in- 
struments, accuracy  in  the  determination  of  absolute  flow  is  of 
less  importance,  as  relative  values  or  changes  in  flow  are  sought. 

Mr.  B.\.vii!i-:rv,  Assistant  Engineer  of  the  Gas  Improvement 
Co. — Why  is  it  that  one  of  the  pitometer  orifices  is  turned  down 
stream  instead  of  the  common  form  of  static  pressure? 

Mr.  Coi.k. — Among  many  forms  of  orifice  tried  these  were 
adopted  early  in  <  ur  experimental  work  because  they  gave  much 
more  reliable  indications  than  the  older  form.  ^loreover.  the 
U-tube  deflection  corresponding  to  a  given  velocity  was  thereby 
S(^mewhat  increased,  allowing  us  to  produce  a  measurable  deflec- 
tion for  a  velocity  Sfnnewhat  less  thrm  \  foot  per  second. 
Vol.  CI.XIV.     No.  984  29 
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MICA  DEPOSITS  OF  WESTERN  NORTH  CAROLINA. 

Althoug-h  classed  as  one  of  the  lesser  minerals,  mica  is  of  considerable 
importance  in  the  commercial  world.  Its  chief  value  is  in  connection  with 
the  electrical  industrj',  but  it  is  also  used  in  the  manufacture  of  stoves, 
lighting  apparatus,  wall  paper,  lubricants,  paints,  boiler  covering,  fire-proof 
apparatus,  etc.  About  half  of  the  mica  consumed  in  the  United  States  is  of 
home  production;  the  other  half  is  imported,  chiefly  from  India,  though  a 
small  amount  of  "amber"  mica  comes  from  Canada.  The  States  contribut- 
ing the  home  production  in  1905  were,  in  order  of  relative  rank,  North 
Carolina,  Colorado,  New  Hampshire,  Georgia,  South  Dakota  and  New 
Mexico,  over  two-fifths  of  the  whole  being  credited  to  North  Carolina. 

The  mica  deposits  of  western  North  Carolina  have  been  examined  by 
several  investigators  working  for  the  State  Geological  Survey,  and  with  the 
permission  of  the  State  Geologist,  a  brief  paper  on  the  subject,  prepared  by 
Mr.  Douglas  B.  Sterrett,  appears  in  Bulletin  No.  315  of  the  United  States 
Geological  Survey,  "Contributions  to  Economic  Geology,  1906."  A  detailed 
report  will  be  published  later  by  the  State  organization. 

Active  mica  mining  has  been  carried  on  in  North  Carolina  for  the  last 
thirty-eight  years,  though  with  varying  degrees  of  energy  and  success;  and 
the  remains  of  ancient  workings,  with  crude  stone  tools,  around  some  of 
the  better  deposits,  suggest  early  mining  by  the  aborigines  or  prehistoric 
people.  It  is  claimed  that  the  earliest  mica  mining  in  the  State  was  done 
in  Jackson  County  on  prospects  known  to  Mr.  Davis.  After  a  number  of 
Mr.  Person  had  seen  a  specimen  of  mica  from  this  county  exhibited  at  the 
State  Fair  at  Columbus,  S.  C,  by  D.  D.  Davis;  and  nine  years  later,  when 
the  value  of  mica  was  more  fully  recognized,  Mr.  Person  started  operations 
in  Jackson  County  on  prospects  known  to  Mr.  Davis.  After  a  number  of 
years'  depression,  due  to  low  market  values  at  a  time  when  India  mica  was 
imported  into  the  country  in  large  quantities,  the  production  is  again 
increased,  and  old  and  new  mines  and  prospects  are  at  present  interesting 
many  companies  and  private  concerns. 

Mr.  Sterrett's  paper  discusses  brieflj-  the  occurrence,  distribution,  and 
origin  of  the  mica-'bearing  rocks  and  the  minerals  associated  with  the 
mica,  and  describes  the  principal  mining  properties.  Persons  who  are  in- 
terested in  the  subject  may  obtain  a  copy  of  the  bulletin  by  applying  to  the 
Director,  United  States  Geological  Survey,  Washington,  D.  C. 


A  XEW  METAL  Called  Hydeslite  is  being  produced  at  a  new  works,  the 
Hydeslite  Metal  Company,  2065-2069  Arizona  street,  Philadelphia.  It  con- 
sists of  an  amalgamation  of  various  minerals,  and  when  mixed  with  brass 
it  imparts  to  it  extraordinary  strength.  While  common  brass  will  crum- 
ble when  exposed  to  great  heat,  experiments  show  that  when  mixed  with 
hydeslite  it  will  bend  or  roll  hot,  neither  breaking  nor  crumbling.  Phila- 
delphia manufacturers  of  goods  requiring  brass  finish  are  taking  so  kindly  to 
the  new  metal  that  the  company  is  arranging  to  enlarge  greatly  the  capacity 
of  its  plant. -^/ron  Age. 
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KLKCTRICVVI.     SKCTIOX. 

(Stated  niccfi)ig  held  Thursday,  October  10,  i^joj.) 


The  Electro-Thermic  Production  of  Iron  and  Steel. 

By  Joseph  \V.  Richards,  Ph.D. 

Professor  of  Metallurgy  in  Lehigh  University;  Professor  of  Electro-chem- 
istry in  the  Franklin  Institute;  Secretary  of  the  American  Electro- 
chemical Society. 


Why  is  the  metallurgist  becoming  so  largely  an  electrometal- 
lurgist?  Because  as  scientists  and  industrial  men  are  learning 
bcttei"  liovv  to  handle  electric  currents,  how  best  and  most 
efficiently  t"»  utilize  their  decomposing  and  heating  power,  they 
find  at  their  command  agencies  which  can  perform  what  were 
formerly  technical  impossibilities,  apparatus  which  can  produce  at 
commercially  i)(>ssible  costs  products  hitherto  mere  chemical  curi- 
osities or  e\'en  ranking  among  the  "chemical  unknowns."  The 
mechanical  engineer  has  aided  this  art  by  his  skill  in  utilizing 
water  powers,  in  perfecting  gas  engines,  and  in  inventing  high- 
efficiency  boilers  and  steam  engines.  'Jdie  electrical  engineer  has 
contributed  still  more,  by  his  design  and  construction  of  gigantic 
dynamos,  the  transmission  of  large  powers  to  great  distances,  the 
conceiving  and  perfecting  of  large  electrical  furnaces.  The  met- 
allurgist and  chemist  have  utilized  these  labofs  of  their  colleagues 
to  devise  new  schemes  for  the  extraction  of  the  metals  from  their 
ores,  new  ways  of  melting  metals,  new  methods  of  refining  metals, 
new  processes  for  converting  cheai)  raw  materials  into  valuable 
pr'itlucts  of  dilYerent  composition,  and  finally  altogether  new 
products  made  by  novel  reacti(»ns  and  adaptable  to  entirely  new 
ami  oi-iginal  inu'poses.  There  is  no  need  here  to  specify,  in  order 
to  pro\c  the  proposition:  the  latest   books  and  the  most   recent 
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joiinials  are  full  of  the  surprising  achievements  <>f  the  electro- 
metallurgist  and  the  electrochemist. 

In  the  scientific  development  of  every  art,  there  are  always 
three  stages:  First,  the  experimenter,  who  thinks,  imagines,  de- 
vises, speculates,  wonders  if  this  thing  will  work,  wonders  if  that 
reaction  is  possible,  and  then  finally,  on  a  small  scale,  determines 
that  some  reaction  or  transformation  or  decomposition  of  some 
kind  is  a  possibility  which  was  never  proved  so  to  anyone's  satis- 
faction before.  This  much  being  gained,  the  second  stage  is  en- 
tered: is  the  thing  capable  of  being  worked  on  a  large  scale?  This 
requires  the  devising  of  large  and  often  entirely  novel  apparatus, 
the  overcoming  of  unforeseen  difficulties,  the  consideration  of 
many  new  factors.  Frequently  the  apparatus  or  process  finally 
evolved  on  a  large  scale  bear  little  or  no  resemblance  to  the  origi  - 
nal  laboratory  experiment.  Here  the  metallurgist  must  plan, 
calculate,  design,  and  often  invent  as  many  novel  features  as  he 
has  difficulties  to  overcome.  The  process  once  working  on  an  m- 
dustrial  scale,  the  final  test  of  whether  it  will  sur\ive  or  not  will 
be  its  ability  to  command  a  market  for  its  product,  its  strength  to 
stand  fierce  competition  from  the  older  processes  now  fighting  for 
their  existence,  the  capability  of  the  manager  to  notch  down  ex- 
penses, notch  up  efficiency,  and  ever  to  improve  on  the  quality  of 
the  product  and  its  regularity  of  production. 

We  may  now  look  at  the  avenues  by  which  electricity  has  ap- 
proached the  commercial  metallurgy  of  iron. 

Burgess.*  of  the  University  of  \\'isconsin,  has  shown  in  his 
laborator}^  how  iron  may  be  electrolytically  refined  by  a  process 
similar  in  most  of  its  details  to  the  electro-refining  of  copper, — 
until  it  is  turned  out  practically  chemically  pure  iron,  except  for  a 
trace  of  hydrogen,  which  later  is  driven  off  by  heating  t<j  redness. 
Here  is  an  electrochemical  method  of  refining  w(3rked  out  to  this 
point :  Pure  iron,  purer  than  ever  before  commercially  made.  ca!i 
undoubted!}'  be  furnished  in  an}'  (juantity  desired  at  a  cost  of 
probably  $io  per  ton  above  that  of  the  mild  steel  used.  The 
Carnegie  Institution  very  generously  and  very  wisely  defrayed 
the  cost  of  these  experiments,  by  a  grant  of  $2500.  and  it  is  alto- 
gether probable  that  the  exacting  demands  for  pure  material  by 
makers  of  high-class  steels  of  special  and  very  exact  composition, 


'"Transactions  of  tht  American  Electrochemical  Society,  \  ol.  v,  1904. 
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will  lead  in  the  near  future  h)  the  estabHshnient  of  a  coniniercial 
rel'inery  ()l)erHti^^•  JJurgess's  process,  for  the  production  of  the 
hi.^hest  clas>  of  pure  commercial  iron  ever  at  the  command  or 
steel  makers.  If  a  rapid  tool  steel  sells  at  50  to  75  cents  per 
pound,  what  is  one-half  cent  per  i^ound  on  the  cost  of  the  raw 
material  if  it  ^iNts  a  material  to  start  with  which  is  absolutely 
pure  and  therefore  oi  in\ariable  composition? 

But  the  above  is  n(jt  the  "electro-thermic"  production  of  iron  or 
steel,  and  we  must  back  t(j  our  subject. 

Iron  and  steel  are  made,  universally,  by  thermal  methods,  and 
the  electro-thermic  production  of  these  products  means  simply 
their  production  by  thermal  processes  in  which  the  energy  of  the 
electric  current  as  a  heating  agent  is  more  or  less,  or  altogethei". 
dei)ended  ui)on  to  work  the  process.  Pig-iron  is  made  by  reduc- 
ing iron  ore  by  carl)on  in  blast-furnaces;  it  can  also  be  made  by. 
reducing  iron  ore  b\'  carbon  in  electric  furnaces.  Steel  is  made 
by  melting  together  wrought-iron  and  cast-iron  in  a  crucible  or 
on  the  hearth  of  a  Siemens-Martin  furnace;  the  same  constituents 
can  be  melted  together  to  equally  good  steel  in  an  induction,  arc 
or  resistance  electric  furnace.  Steel  is  also  made  by  causing  iron 
ore  to  react  on  jjig-iron.  in  the  open-hearth  furnace;  the  same 
reaction  can  be  carried  out  in  several  types  of  electric  furnaces. 
Again,  iron  or  steel  can  be  refined  in  the  melted  state  by  oxidizing 
in  the  presence  of  a  proper  liquid  slag;  ordinary  refining  furnaces 
are  limited  in  the  nature  of  the  slag  they  can  use  by  the  limited 
temperature  at  their  command;  electric  furnaces  can  push  the  re- 
fining to  much  greater  limits  because  of  the  higher  temperature  at 
their  command  permitting  working  with  highly  effective  slags 
ordinarily  considered  infusible  and  unuseable.  P^inally,  iron  and 
steel  arc  melted  iri  cupolas,  reverberatory  furnaces,  open-hearth 
furnaces  and  crucibles,  in  order  to  make  castings;  they  can  be 
melted  to  li(|ui(l  material  usually  of  better  quality  by  the  use  of 
electric  melting  furnaces. 

1  have  said  that  these  things  can  be  done,  meaning  by  that  that 
they  are  possible;  whether  they  are  commercially  possible  depends 
on  a  dozen  of  other  conditions,  which  we  will  duly  consider. 

The  electro-thermic  metallurgy  of  iron  has  to  do  with  two 
different  problems : 

I.     The  electro-thermic  production  of  Steel. 

IT,     The  electro-thermic  reduction  of  Iron  Ores. 
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Speaking  chronologically,  iron  ores  were  reduced  first  to 
wrought-iron,and  from  wronght-iron  steel  was  made  by  cementa- 
tion in  red-hot  carbon.  Afterwards  iron  ore  was  reduced  in  blast- 
furnaces to  pig-iron,  which  was  either  used  itself  in  the  arts,  or 
served  as  the  basis  of  production  of  wrought-iron  by  the  puddling 
processes,  or  steel  in  the  crucible. 

SIEMENS'    EXPERIMEXTS. 

The  development  of  the  electro-thermic  production  uf  steel 
dates  from  the  experiments  of  Siemens,  in  1880.  who  attempted 
to  use  a  combined  arc-resistance  furnace  for  melting  down  steel. 
In  this  case  the  material  to  be  melted,  held  in  a  plumbago  crucible, 
formed  one  pole  and  a  water-cooled  copper  conductor  the  other 
pole.  The  arc  between  the  two  furnished  the  chief  resistance 
and  source  of  heat  energy.  The  material  to  be  melted,  by  its 
broken  structure,  poor  contacts  between  the  pieces  and  with  the 
crucible,  formed  the  smaller  part  of  the  resistance.  With  1.6 
horse-power,  500  grams  of  steel  was  melted  in  fifteen  minutes; 
with  13  horse-power,  2700  grams  of  wrought-iron  in  twenty  min- 
utes. Since  a  kilogram  of  melted  steel  contains  at  least  300  cal- 
ories, and  a  melted  wrought-iron  350  calories,  the  heat  imparted 
by  the  cin^rent  was — 

1.6  H.P.,  15  minutes  =  300  X  0.5  =  150  Calories. 
13      H.P.,  20  minutes  =  350  X  2.7^^945   Calories. 

Since  one  H.P.  hour  =  642  Calories,  the  full  equivalent  of  the 
power  used  in  the  two  cases  was — 

1.6  H.P.,   15  minutes  ^642  X  0.4  =:-- 257  Calories 

Thermal  efficiency  =  |iy  ==  0.584^56"..^  %. 
13      H.P.,  20  minutes  ^  642  X  4-3  =  2761   Calories 

Thermal  efficiency  =^if^j^^\=^  0.342  =  ^4.2  %. 

While  the^e  efficiencies  do  not  appear  at  first  sight  high,  yet 
when  they  are  compared  with  the  efficiencies  of  3  to  5  per  cent,  of 
the  heating  power  of  the  fuel  put  into  the  steel  while  melting  it  by 
coke  in  a  crucible  set  in  a  melting-hole,  the  difference  is  striking. 

The  commercial  question  at  once  arises :  Why  was  Siemen's 
method  not  profitable  on  a  large  scale?  The  answer  is  to  be 
found  in  the  imperfection  of  the  furnace  and  not  in  its  inefiicienc\ . 
The  water-cooled  copper  electrode  was  dangerous.  f<:ir  it  quickly 
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wore  through.  J'hc  means  of  -i-egulating"  the  current  was  not 
very  good,  causing-  great  rtuctuati<^ns  in  the  current  passing.  The 
crucible  itself  became  highly  heated  by  the  current  passing  through 
its  walls  and  lasted  but  a  short  time.  The  steel  absorbed  both 
carbon  and  silicon  from  the  crucible,  and  copper  from  the  other 
electrode,  and  was  thus  changed  in  composition.  The  whole  op- 
eration and  a])paratus  was  conceived  on  too  small  a  scale.  The 
efficiency,  howe\er,  so  far  as  the  operation  went  and  while  it 
lasted  was  n(^t  bad ;  power  expended  at  the  rate  of  585  kilowatt- 
hours  per  metric  ton  of  steel  melted,  while  350  are  theoretically 
necessary. 

THE   INDUCTION    FURNACE. 

This  was  the  first  to  be  commercially  successful  in  producing 
steel.  The  furnace  is  a  transformer  with  a  secondary  of  one 
turn,  which  latter  is  a  groove  filled  with  the  material  to  be  melted. 
The  lining  of  the  furnace — the  sides  of  the  groove — were  first 
made  of  silica,  but  later  of  magnesia;  the  latter  was  most  durable. 
The  induced  current  generates  heat  by  overcoming  the  resistance 
alone  of  the  material  to  be  melted.  There  is  no  arc,  no  electrode?, 
no  movable  crucil)le.  The  furnace  may  be  placed  on  trunnions  so 
that  it  can  be  poured. 

There  is  only  one  determination  publislied  of  the  resistixity  of 
molten  iron ;  it  is  stated  by  Gin  to  be  o.oooj  Ohm  per  centimeter 
cube.  The  resistance  of  a  circular  or  other  shaped  closed  groove 
containing  melted  iron  can  therefore  be  calculated  roughly.  In 
an  induction  furnace  the  amperes  in  the  secondary  of  one  turn  will 
be  those  in  the  primar)-  circuit  multiplied  by  the  number  of 
turns,  less  losses  due  to  magnetic  leakage.  The  energy  generated 
in  the  iron  will  be  as  its  resistance  multiplied  by  the  S(|uare  of  the 
amperes  passing: 

Qrr-.  KA--   -^  'A-. 

but  the  weight  of  iron  is  : 

W  =-  ^    ^ 

Therefore  heating  effects  per  unit  of  weight  of  iron 

w        s- 
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Fig.  1    The  luiw  ]1.P.  iudiicliiju  luniace  at  N'oelkliosieu. 


Fig.  2.    Top  view  of  same,  slioning  covered  itroove  coulaiiiiiiK  Uie  melted  metal. 


{Kic/iaJd's) 


¥\\i.  S.    Vii'w  of  same  rluriiit;  coiistriiction. 
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Fig.  5.     Flower  house,  showing  gas  engine. 


Fig.  K.    Alteiuatiug  current  dynamos  usert. 
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From  tin's  we  see  that  the  rate  at  which  energy  is  (leh\  cred  to  each, 
unit  weight  of  iron  varies,  for  one  thing,  inversely  as  the  square 
of  the  cross-section  of  the  metal  in  the  groove. 

The  Kjellin  furnace  first  installed  at  Gysinge,  Sweden,  in  Feb- 
ruary, igoo.  held  only  80  kilograms  of  steel,  and  with  a  78  kw. 


The  l)ls<4ti>ii  fiiriiiK 


dynamo  produced  270  kg.  of  steel  in  twenty-four  hours.  In 
November.  i(>oo.  a  furnace  holding  iSo  kg.  was  built,  and  with 
58  kw.  of  electric  energy  made  600  to  700  kg.  of  steel  per  day. 
Next  a  furnace  h(^lding  1800  kg.  of  steel  was  built,  run  by  a  300 
H.r.  turbine  directly  driving  a  dynamo  gi\ing  3000  \olts  on  the 
primavx   windings  of  tlic  furnace.     ^Ihis  furnace  is  still  in  opera- 
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tion,  making-  5000  kg.  of  steel  per  day.  Another  furnace  has 
been  built  and  is  now  running,  operated  by  165  kw.  of  current, 
holding  1350  kg.  of  steel,  and  turning  out  from  pig-iron  and 
scrap,  charged  cold,  five  tons  of  steel  per  day.  and  when  using 
melted  pig-iron  six  tons. 

The  American  Electric  Furnace  Co.,  which  builds  the  Colby  and 
Kjellin  electric  furnaces  in  this  country,  is  now  supplying  steel 
melters  with  induction  furnaces  varying  from  25  lbs.  of  steel  ca- 
pacity, requiring  10  kw.,  up  to  18,500  lbs.  capacity,  requiring  736 
kw.  (1000  H.P. ).  The  latter  furnace  melts  80,000  lbs.  of  steel 
in  twenty-four  hours,  with  an  expenditure  of  600  kilowatt-hours 
])er  ton  of  steel  if  charges  are  put  in  cold,  and  500  kilowatt-hours 
per  ton  with  melted  pig-iron  forming  one-third  of  the  charge.  A 
furnace  on  the  same  principle  to  melt  charges  of  150  tons  is  now 
in  course  of  construction  at  the  Roechling  Iron  Works. 
\'i)elklingen.  Germany. 

Taking  the  above  figures,  it  will  be  seen  that  the  induction  fur- 
nace is  attaining  a  high  degree  of  thermal  and  metallurgical  effi- 
ciency. The  waste  during  melting  in  the  induction  furnace  is 
only  2.5  per  cent.,  whereas  it  is  some  5  per  cent,  in  open-hearth 
practice. 

PROBLEM    I. 

Taking  the  data  given  above  for  the  output  of  Kjellin  furnaces 
of  increasing  sizes,  calculate  for  each  the  net  thermal  efficiency. 

Solution:  One  kilogram  of  melted  steel,  sufficiently  over- 
heated to  allow  of  casting,  will  contain  at  least  275  Calories  if 
high  carbon  steel  and  325  Calories  if  low  carbon  steel;  say  300 
Calories  for  average  steel.  One  kilowatt-hour  furnishes  860  large 
Calories,  as  its  heat  equivalent.  We  have  then  the  following 
calculations  for  the  furnaces  in  the  order  given : 

270  kg.  melted  in  24  hours  by  78  kw. 

Efficiency  =     270  x  500   :^  0.0^1  =  ^.i  %. 

■^         7S  /.  24  >'  S60 

700  kg.  melted  in  24  hours  by  58  kw. 

Efficiency  =    ,7°°  >^  ^oo        0.18  =  /<?  %. 

58  X  24  y.  860  ' 

5000  kg.  melted  in  24  hours  by  300  H.P.  at  the  turbine  =  224 
kw.  =  200  kw.  effective  electrical  power  at  the  furnace. 
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Efficiency  --^  i^T^^iffk^  0.36  =  36  'A . 
5000  ki^.  melted  in  24  hours  by  165  kw. 

I- fficiency  --^  ,6,  ■  24  -  s6o"----  0.43  =  ^^  % . 
8o.orxD  lbs.  (3O.400  kg.  j  melted  per  day  by  736  kw. 

Efficiency  ---=  J'^Z^fl^  0.72  =  72  </c .  • 

96,000  lbs.  (43.600  kg.)  melted  per  day  by  736  kw..  if  one- 
third  is  put  in  as  melted  pig-iron,  carrying  250  Cal.  per  kilogram. 

T^rr-     ■  (4.^.600   X   300)— (14.500     -250)  ,  y        ,., 

Efficiency  --^  136  x  24  yL """  ^■^^-  =  ^-  /^  • 

Charging  part  of  the  charge  melted  is  seen  to  lower  the  net 
thermal  efficiency  but  to  increase  the  output  of  the  furnace.  With 
cheap  power,  the  latter  item  is  of  the  greatest  importance. 
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HKROUI/rS   l'liRN.\Clv. 

The  Tleroult  lilting  electric  furnace  resembles  a  tilting  open- 
hearth  furnace,  with  two  large  electrodes  passing  through  the 
center  of  the  ronf.       I'jie  electrodes  are  built  up  of  carbon  slab<. 
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170  centimeters  loni^'  and  36  centimeters  square,  at  a  cost  of  about 
twenty  cents  per  kilogram.  'J'he  hearth  is  stamped  in  burnt  dolo- 
mite, the  roof  silica  brick;  tlie  electrodes  arc  protected  inside  th.e 
frrnace  by  water  jackets,  to  prevent  their  combustion  by  the  air. 
The  furnace  can  Imld  4000  kg-,  of  steel,  costs  $10,000.  and  such  a 
one  has  been  in  cor.stant  operation  in  La  Praz,  France,  since  1903. 
The  electrodes  dip  only  into  the  slag,  so  as  not  to  be  dissolved  b)' 
or  carljonize  the  bath.  The  current  used  is  no  volts  by  4000 
amperes,  alternating,  and  the  principal  resistance  and  seat  of 
generatiiin  of  heat  is  in  the  slag  between  the  ends  of  the  carbons 
and  the  metal.  A  disadvantage  of  this  furnace  is  that  it  cannot 
operate  withmit  a  considerable  layer  of  slag  bsing  present. 

In  such  a  furnace  steel  can  be  made  in  a  \-arietv  of  wavs.      Mr. 


i-^ki— — — f-    'I— r^ 


Fig.  8.    Frout  view  of  a  Heioult  f urnaoe. 


Heroult  has  preferred  to  make  it  from  the  cheapest  raw  material^, 
by  processes  similar  to  ordinary  open-hearth  practice.  As  is 
well  known,  this  involves  the  use  of  pig-iron,  scrap  iron  or  steel 
and  iron  ore.  The  only  difference  between  the  tw^o  processes  is 
that  in  the  open-hearth  furnace  there  may  be  considerable  oxida- 
tion by  the  gases  in  the  furnace,  but  in  the  electric  furnace  iron-ore 
must  be  relied  on  as  the  oxidizing  agent ;  it  is  therefore  used  to  a 
larger  extent  than  can  be  used  in  the  open-hearth  practice.  Con- 
siderable lime  is  added  to  help  form  a  fusible  and  basic  slag.  The 
oxidation  of  the  impurities  consumes  time,  and  therefore  the 
amount  of  electrical  energy  required  per  ton  of  steel  is  greater 
than  in  the  cases  cited  in  the  Kiellin  induction  furnace,  wdiere 
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liis^h-i^Tadc  i)ig--irc)n  and  clean  sera])  were  sinipl}'  melted  t^.tfether 
in  ])r()])er  proportions. 

PUOHL]-:-N[    2. 

A  eharg-e  composed  of — 

Miscellaneous  steel  scrap 5-7i?)  ^'^s. 

Iron  ( »re 43^ 

Lime    34^ 

was  placed  in  a  Heroult  furnace,  and  in  five  hours  twenty  minutev 
was  completely  melted  to  soft  steel,  yielding  5161  lbs.  During 
the  melting  1,680  kilowatt-hours  of  electric  energy  were  used. 

Required : — The  thermal  efficiency  of  the  furnace. 

Solution: — The  steel  scrap  is  ^J2  lbs.  heavier  than  the  soft 
steel  produced,  or  10  per  cent.  It  is  very  evident  that  the  iron 
ore  used  (probably  go^r  Fe-Q-' )  oxidized  some  of  the  carbon, 
manganese,  etc.,  of  the  scrap,  and  that  the  scrap  itself  was  prob- 
ably oxidized.  Miscellaneous  scrap  may  easily  be  rusted  so  far 
as  to  lose  5  per  cent,  of  its  weight  while  melting  down.  Calling 
the  soft  steel  practically  pure  iron,  and  the  loss  of  the  scrap  ta 
represent  iron  oxide  going  into  the  slag,  w'e  have  as  the  net  result 
of  the  melting  5 161  lbs.  of  pure  iron  and  a  slag  containing  silica 
iron  oxide  and  lime,  weighing  approximately: 

Ferrous  oxide 860  lbs. 

Silica 43    " 

Lime    346    " 


1249 
Heat  in  melted  soft  steel 

5 161  X  340=  1,754.740  lb.   Cal. 

Heat  in  slag 

1249X550=     686.950    •■ 


2,441,690    •• 
=  1,109,850  kg.       •• 

Heat  value  of  current  used  , 

1680X860=^1,444,800    ■' 

T-rr     •  1,109.850  ^,-0/ 

Efficiency  =  1:^4^800=  O-//  =  ///<^- 
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In  \vf)rkinj;-  tliis  furnace,  u  itli  these  materials,  the  sla^-  produccJ. 
is  a  necessary  part  of  the  <iperation.  and  the  lieat  it  contains  may 
he  taken  as  usefully  applied  heat. 

These  furnaces  lend  themselves  very  well  to  use  in  connection 
with  meltin.i!-  ])i«-iron  from  cupolas  or  hlast  furnaces,  or  melted 
steel  from  the  Bessemer  ouNerter  or  o])en-liearth  furnace.  The 
electric  furnace  is  fitted  to  take  hot  metal,  th..  product  of  the  ordi- 
nary steel  furnace,  and  by  reason  of  the  hif^her  temperature  avail- 
able to  m;il<(.'  a  sl.-'.L^-  which  w  ill  entirely  de-pliosphori/ce  the  metal. 


KU.ll.     ShowiiiL;  llemiill  fiiriuice  aIniiKHirle  an   upeii  lifurtli    fiiniare,  aiiil    umki'd  in 
conjiinclion  IherewiUi. 


Such  \M irking"  lca\es  on  the  o'lier  furnaces  the  caloritic  burden  of 
melting-  the  charges  and  giving  them  to  the  electric  furnace  fully 
li(|uid,  leaving  to  the  latter  merely  the  task  of  raising-  the  tempera- 
ture a  little  higher  and  smelling  upon  them  a  \ery  basic  slag.      In 
such  cases,  steel  corresponding  in  ((uality  to  crucible  steel  is  ob- 
tained at  but  a  small  cost  per  ton  advance  upon  that  of  the  Sie- 
mens or  Bessemer  steel  from  which  it  is  made.      The  electrically 
imparted  heat  is  l-.'ere  niostl\-  used  to  suppl\'  radiation  losses,  and 
only  a  minor  fraction  to  increase  the  temperatiu'e  of  the  steel. 
W^e  cannot,  lheiefi)re.  in  justice  to  the  furnace,  calculate  its  ther- 
mal efficiency   in   the  manner   applied   to  the  case  of  melting  a 
charge  down.      In  fact,  in  such  cases  we  can  only  compare  dif 
ferent  furnaces  on  the  basis  of  weight  of  metal  kcf^t  melted  per 
given  time.  c.  i^..  per  ton  <>f  metal  kept  melted  one  hour. 
Vor,.  CLXIV.     No.  g84  30 
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ELECTRO-THERMAL    REDUCTION. 

The  most  interesting  application  of  electric  furnace  methods  to 
the  metallurgy  of  iron  is  in  the  line  of  producing  cast-iron,  pure 
iron  or  steel  direct  from  iron-ore.  To  this  may  be  added  the  pro- 
duction of  ferro-alloys,  either  by  the  reduction  of  other  metallic 
oxides  in  the  presence  of  iron  or  mixed  with  iron  ore. 

THE    FERRO-ALLOY    INDUSTRY. 

This  held  has  already  attained  C(jmmercial  importance  in  th'j 
ferro-alloy  line,  such  as  in  the  manufacture  of  ferro-manganese, 
-silicon,  -chromium,  -tungsten,  -vanadium,  -boron,  -titanium,  etc., 
and  a  large  and  steadily  increasing  industry  has  been  built  up. 
There  are  probably  a  dozen  electrical  ferro-alloy  works  now  in  op- 
eration, and  the  industry  is  flourishing. 

The  raisoii  d'  circ  of  this  industryis  as  follows :  In  the  blast  fur- 
nace, metallic  oxides  more  difficult  to  reduce  than  iron  oxide  are 
decomposed  to  varying  and  often  to  only  trifling  degrees.  The 
blast-furnace  will  easily  I'educe  99  per  cent,  of  all  the  iron  oxide 
put  into  it,  losing  only  i  per  cent,  of  it  in  the  slag,  unreduced. 
Manganese  oxide  is  not  so  completely  reduced ;  perhaps  50  to  75 
per  cent,  of  it  is  reduced  to  manganese  and  alloys  with  the  iron,, 
forming  a  product  as  high  as  85  per  cent,  manganese,  while  the 
slag  contains  the  rest,  as  unreduced  Mn.O.  Since  good  manga- 
nese ores  are  scarce  and  expensive,  this  loss  is  annoying  and 
costly.  Silica  is  always  present  in  the  blast  furnace,  and  up  to  23 
per  cent,  of  it  may  ht  reduced  to  silicon,  forming  a  10  or  even  15 
per  cent,  silicon  pig,  but  there  the  blast  furnace  reaches  its  limit ; 
the  temperature  is  not  high  enough  to  produce  a  richer  silicon 
alloy.  A  low  per  cent,  chromium  alloy  may  be  made  in  a  blast  fur- 
nace, but  a  great  waste  of  chromium  in  the  slag;  a  high  per  cent, 
chromium  alloy  cannot  thus  be  made.  Tungsten  oxides  can  be  re- 
duced to  ferro-tungsten  in  crucibles,  but  only  to  a  low  per  cent, 
tungsten  alloy  and  with  much  unreduced  tungsten  in  the  slag. 
Titanium,  vanadium,  boron  cannot  l^e  reduced  to  any  ai)preciablc 
extent  by  carbon  and  non-electric  heating.  In  all  these  cases 
cited,  alloys  much  richer  in  the  non-ferrous  metal,  and  much  more 
complete  reduction  of  the  material  used,  can  be  obtained  in  the 
electric  furnace. 


Dec,  1907.]  A'Otcs  cnid  Comments.  459 

Just  as  electrically-niade  steel  has  first  found  a  footing  as  a 
competitor  of  the  most  expensive  kind  of  steel — crucible  steel — 
so  electrical  reduction  has  first  found  footing  in  the  metallurgy  of 
iron  in  the  production  of  the  most  expensive  and  difificult  ferro- 
alloys. 

•  As  an  example  of  the  calculations  attaching  to  this  branch  of 
the  subject,  and  of  methods  applical)le  to  all  the  ferro-alloys,  I 
would  cite  the  production  of  ferro-silicon,  which  is  attaining  con- 
stantly increasing  commercial  and  industrial  importance. 

{To  he  concluded.^ 
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netic Observations  made  by  the  Coast  and  Geodetic  Survey  between  July  i. 
1905,  and  June  30.  1906.  by  L.  A.  Bauer,  Inspector  of  Magnetic  Work. 
Pages  107  to  209.  4-to.     Washington,  Government.   1906. 

Appeiidi.x  No.  4.  Report  for  1906.  Terrestrial  Magnetism.  Distribu- 
tion of  the  magnetic  Declination  in  the  L^nited  States  for  January  1.  1905. 
with  Isogonic  chart  and  Secular  Change  'Tables,  by  L.  .\.  Bauer.  Pages 
213  to  226,  maps,  4-to.     Washington,  Government,  1906. 

U.  S.  Navy  Department.  Bureau  of  Steam  Engineering,  .\iinual  Report 
for  M)0^).     41   pages,  8-vo.     Washington,   Government.  1906. 


Sections. 

{.{bstiact   of    riiHWiiiiigs.) 
.Sk(  TioN  oi'   l'ii\>i(>  .\Ni)  CiiE.MisTRV. — The  Section  luld  a  stated  meeting 
on    Thursday   evening,   October  24th,   at  8  o'clock.   Dr.   Edward   Goldsmith 
in    th  •    chair.     The    paper    of    the    evening    was    presented    by    Mr.    F.    P. 
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Veitch,  of  the  U.  S.  Department  of  Agriculture.     His  subject  was:  "Wood 
Turpentine:  its  Manufacture  and  Commercial  Uses." 

Mr.  Veitch  spoke  of  the  rapid  growth  of  this  new  industry  in  the  United 
States,  imore  especially  in  the  Southern  and  Northwestern  States,  de- 
scribed the  various  processes  of  manufacture,  and  referred  at  length  to  its 
use  in  the  arts  as  a  substitute  for  turpentine  spirit  made  from  gum 
resin.  The  speaker  illustrated  his  remarks  by  the  exhibition  of  numerous 
specimens  of  the  produ  t,  varnishes  made  therefrom,  and  a  number  of 
panels  of  wood  varnished  with  wood  turpentine  varnish. 

The  subject  was  freel,  discussed  and  the  s'^eaker  was  voted  the  thanks 
of  the  meeting.     Anjourned. 

Wm.  H.  Waul,  Sec'y  l>ro  tern. 


Mechanical  and  Engineering  Section. — A  stated  meeting  of  the  Sec- 
tion was  held  on  Thursday  evening,  October  31st,  at  8  o'clock.  Present. 
fourteen   members.     President   Charles    Day  in  the   chair. 

The  Chairman  introduced  Mr.  Edward  S.  Cole,  of  New  York,  who  read 
the  paper  of  the  evening  on  "The  Pitometer."  an  instrument  specially 
adapted  for  measuring  and  locating  the  leakage  of  water  in  water  mains, 
from  imperfections  in  pumps,  and  other  sources  of  waste  in  the  water  sup- 
ply of  cities. 

The  paper  was  fully  illustrated  with  the  aid  of  lantern  pictures.  The 
discussion  which  followed  was  participated  in  bj-  Mr.  J.  C.  Trautwine,  Jr., 
Major  Cassius  E.  Gillette,  late  Chief  of  the  Bureau  of  Filtration  in  Phila- 
delphia, Prof.  Easby,  of  the  University  of  Pennsylvania,  Mr.  Bam'berg, 
representing  the  United  Gas  Improvement  Company,  the  Chairman  and 
others.  The  speaker  was  given  a  vote  of  thanks,  and  his  paper  was  re- 
ferred to  the  Committee  on  Publication.     Adjourned. 

Francis  Head.  Secretary. 


Section  of  Photography  and  Microscopy. — The  forty-third  general 
meeting  of  the  Section  was  held  on  Thursday.  November  7th,  at  8 
o'clock  P.M. 

Present,  fort3'-three  members  and  visitors.  Dr.  Henry  Leffmann,  Presi- 
dent, in  the  chair. 

Mr.  Edward  T.  Wherry,  B.S..  presented  a  paper  on  '"Radio-Active  Min- 
erals in  Pennsylvania,"  in  which  he  gave  an  account  of  his  experiments 
with  a  number  of  minerals  found  principally  in  Southeastern  Pennsylvania, 
for  the  purpose  of  determniing  the  presence  or  absence  of  radio-activity  in 
them.  These  minerals  belonged  chiefly  to  the  uranium  group,  and  many 
were  found  in  the  neighborhood  of  Philadelphia.  The  speaker  described 
his  method  of  operation,  stating  that  he  had  secured  the  best  results  by  the 
I'Se  of  X-ray  plates  and  an  exposure  of  from  three  to  ten  days. 
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Si>ccinurii.-^    of   ihese    minerals    were   shown,    and    the    evidence    of    their 
radio-active  properties  was  presented  in  the  form  of  lantern  photographs. 

The  paper  was  freely  discussed  and  was  referred  for  publication      The 
>peaker  received  a  vote  of  thanks.     Adjourned. 

M.  I.  WiMiERT,  Secretary. 


MiNiNc.  A\i)  Mktali.i:k(;ical  Section. — A  stated  meeting  of  the  Sec- 
tion was  held  on  Thursday  evening.  November  14th.  at  8  o'clock. 

Present,  thirty-two  members.  Mr.  G.  H.  Clamer.  President,  in  the 
chair. 

The  subject  of  the  paper  for  the  evening  was  "Recent  .Advances  in  the 
Metallurgy  nf  Zinc."  and  was  presented  by  Mr.  Woolsey  McA.  Johnson. 
.Metallurgical   Engineer,  of  New  York. 

Ihe  communication  was  discussed  by  Mr.  C.  J.  Reed,  Mr.  Carl  Hering, 
Dr.  Edward  Goldsmith,  and  the  Chairman.  A  vote  of  thanks  was  passed 
to  the  speaker.     Adjourned. 

Wm.  H.  W.mil.  Scc'y  pro  tern. 


SKCTroN  01  PiivsKs  .\.\u  CiiE.MisTRV. — The  Section  held  a  stated  meet- 
ing on  Thursday  evening,  November  2ist,  at  8  o'clock.  Present,  twenty- 
three  members  and  visitors.     Dr.   Edward  Goldsmith  in  the  chair. 

Dr.  Allerton  S.  Cushman,  of  the  U.  S.  Department  of  Agriculture,  read 
a  communication  on  "The  Corrosion  of  Iron  and  Steel."  illustrated  by 
numerous  experiments  and  diagrams. 

Referred,  after  some  discussion,  for  publication. 

The  speaker  received  a  vote  of  thanks,  and  the  meeting  was  adjourned. 

Wm.  H.  Wahl.  Scc'y  pro  tern. 


The  Franklin   Institute 

( I'rucci'dings  of  the  stated  meeting  held  Wednesday.  November  Joth,   1097.) 

Hai.l  of  the  Franklin  Institute. 
Piiii.AOELPHiA.  November  20th,  1907. 

PuKsiDK.NT  Walton  Clark  in  the  chair. 

Present,  forty-two  members. 

The  President,  on  behalf  of  the  Committee  on  New  Building,  made  a 
brief  statement  of  the  results  of  the  work,  of  the  Committee  in  soliciting 
subscriptions  to  this  fund.  He  reported  that  over  two  hundred  thousand 
dollars  had  been  pledged  by  friends  of  the  Institute,  which  assured  the 
grant  of  the  Franklin  Fund  to  the  Institute.  The  Committee  was  hopeful, 
he  concluded,   that   the   fund  available  for  the  future   requirements  of  the 
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Institute    \v<;ul(l    Ijf    increased    by    at    least    one    liundreil    lliou'-and    dollars 
more  before  the  first   of  April  next. 

The  first  communication  of  the  e\ening  was  presented  by  Prof.  F.  L. 
Garrison,  on  "The  Production  of  Gold,  anrl  Its  Effects  on  the  Cost  of 
Living." 

Mr.  Strickland  L.  Kneass  followed  with  an  accovmt  of  some  tests  made 
by  the  late  Prof.  R.  H.  Thurston,  on  "The  Wire  Cables  of  the  Old  Sus- 
pension Bridge  over  the  Schuylkill  River." 

Mr.  Romeyn  B.  Hough,  of  Lowville,  N.  Y.,  who  was  represented  by 
^Ir.  Chas.  E.  Ronaldson.  made  a  communication  on  "The  Characteristics  of 
American  Woods,"  illustrated  by  a  large  number  of  admirable  thin  sec- 
tions of  typical  indigenous  woods. 

The  last  su1)ject  was  referred  to  the  Committee  on  Science  and  the  Arts. 

Prof.  Garrison,  duly  seconded,  made  some  complimentary  remarks  re- 
ferring to  the  zealous  and  prolonged  efiforts  of  Prof.  Lewis  M.  Haupt,  in 
behalf  of  the  establishment  of  a  connected  system  of  internal  waterways 
along  the  Atlantic  Coast,  and  moved  that  the  Institute  reaffirm  its  previou^ 
action  in   comimending  this   important    prriject.     Carried. 

Adjourned. 

\Vm.  H.  W.\iil.  Sccretdrv. 
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